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PREFACE TO THE ENGLISH EDITION, 


This book was written by Prof. Prantl to meet a growing 
demand for a work on Botany, which, while less voluminous 
than the well-known “ Lehrbucli ” of Prof. Sachs, should re- 
semble it in its mode of treatment of the subject, and should 
serve as an introduction to it. That it has not failed in this 
object is shown by the fact of its having already reached a third 
edition. It is hoped that this English Edition will as adequately 
supply the want of a work of this kind which has long been fell 
in this country. 

In preparing this edition for publication, I have felt that the 
main object was the production of an accurate and intelligible 
translation, and I have therefore made but few alterations in 
the Authors text. I have ventured, however, to introduce 
the General Classification of Thallcphytes (page 110) proposed 
by Prof. Sachs in the fourth edition of his “Lehrbucli,” for 1 
am of opinion that this mode of regarding the Thallcphytes 
is a considerable assistance to the student. In consequence 
of this I have arranged the various families of Thallophytes in 
an order which is slightly different from that followed by Prof. 
Prantl. 

Further, I have not designated the decomposition of carbonic 
acid and water by the chlorophyll under the influence of 
light, by the term “assimilation,” as is usually done. This 
term has already a well-defined meaning in Physiology, and 
it is therefore a mistake to re-introduce it in another senso. At 
the same time I do not feel myself quite in a position to 
suggest a term to replace it. 

Cambridge, March , 1880. 


S, H. V. 



PREFACE TO THE SECOND ENGLISH EDITION. 

I have ventured, in the preparation of this edition, to make con- 
siderable alterations in the book, with the view of increasing its 
usefulness. For these I am alone responsible. Many of them have 
been made at the suggestion of friendly critics, known and un- 
known, and for this kind assistance I would here express my 
thanks. The most important alteration is the adoption of a 
Classification of Flowering-Plants which will be more familiar 
to English students than that which was followed in the First 
Edition. 

S. H. V. 

CAMBniixm. April , IRfil. 


PREFACE TO THE THIRD ENGLISH EDITION. 

This edition, called for so rapidly after the appearance of the second, 
is issued without any change in the contents of the book, other than 
purely typographical. 


London, 1383. 


The Published 
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PART I 


THE MORPHOLOGY OF PLANTS. 


§ 1 The Members of the Plant. An ordinary floweriug- 
plant consists of a number of parts which are distinguished as roots, 
stems, leaves, fruits, etc. These may be considered scientifically in 
two ways ; either with reference to their functions in the economy 
of the plant, when they are regarded as the organs by which these 
are performed, and are the subjects of physiological study ; or, their 
functions being disregarded, their relative position, the place and 
inode of their origin, the course of their growth, and their relative 
size may be considered ; that is, they may be studied from a purely 
morphological point of view , when they are regarded merely as parts 
of a whole, and are designated as members. The members may be 
conveniently arranged in four categories, namely, Hoots, Stems 
(Caulomes), Leaves (Phyllomes), and Hairs (Trichomes). When 
the body of a plant does not present any differentiation into root, 
stem, and leaf, as in the case of the A1 gie and Fungi, it is termed 
a Thallus (Thallome). 

With the exception of the primary axis of the seedling, all mem- 
bers are developed laterally upon others, which may or may not 
belong to the same category. A root, for example, is repeatedly 
producing lateral roots w T hich are similar to each other and to the 
main root from which they have arisen ; a stem, on the other hand, 
produces, in addition to branches which are similar to itself, leaves 
and roots. Every member remains in connection by its organically 
lower end, its base , with the member from w 7 hich it has been 
developed : the opposite end is the organically upper end or apex. 
Those members, viz., stems and roots, which more especially pro- 
duce lateral members, continue to grow at their apices, and the 
lateral members are normally developed behind the apex in such 
a way that the youngest of them lies nearest to the apex. Thus, 
the youngest lateral root is the nearest to the apex of the mother- 
root, and it is the youngest leaf which is the nearest to the apex 
jf the stem; hence in all normally developed members the suc- 
cession in time may be inferred from the succession in space; that 
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■h to say, in counting the leaves on a stem from the base upwards, 
the order of their succession in space denotes the order of their 
development. All lateral members which are thus arranged are 
said to have originated in acropetal succession. When m any cross 


difficult to distinguish the acropetal succession as well of the whorls 
as of their individual members. Those members are said to be 
adventitious which are not developed at the growing point but 
on older parts, and which are therefore not arranged in acropetal 
succession; for instance, those lateral roots which are developed 
from older ones, and many branches from old stems. The forma- 
tion of lateral members may either take place exogenously, in which 
case they originate from the outer layers of tissue of the parent- 
member, as leaves do from that of the stem (Fig. 1), or endo- 
genously in which case they are formed from the internal tissue of 
the parent-member and have to penetrate its outer layers ; it is in 
this latter manner that roots are developed either from older roots 
(Fig. 20) or from stems. 

§ 2. Of the Leaf and Stem in general. These two ideas 
are so intimately connected that it is impossible to think of one 
without the other, as is evident from the following definitions : 

Every part of a plant which produces leaves at its growing end 
is called a Stem or Axis ; a stem, together with the leaves it bears, 
is known as a Shoot : 

Leaves are distinguished by the following characters. 1, They 
originate always in acropetal succession (they are therefore never 
adventitious) ; 2, they are always exogenous ; and 3, they always 
assume a form different from that of the stem and its lateral 
branches upon which they are borne. 

The leaves are developed in very close apposition at the apex of 
the stem. The portions of the stem, termed internodes , which lie be- 
tween the individual leaves may either remain quite short, as in the 
case of the rosette of leaves of the Plantain and of the House- leek, 
of the fascicled leaves of the Larch, and in most flowers ; or they 
may undergo a considerable elongation so that the leaves become 



§3.] 


TART I. — THE MORPHOLOGY OF PLANTS. 


s 


widely separated. The boundaries of the internodes — the places, 
that is, at which the leaves are inserted — termed nodes , are some- 
times prominently developed, more particularly when the leaves 
are arranged in whorls, e.g., Labiate?, or when they ensheath the 
stem. The portion of the surface of the stem from which the leaf 
arises is the insertion of the leaf, and its organic centre is called the 
point of insertion. After the 
fall of the leaf the surface 


where it was inserted re- 
mains for a long time visiblo 
as a scar or cicatrix. 

So long as the internodcs 
have not begun to elongate, 
and the leaves are still folded 
together so as to coyer the 
apex of the stem, the grow- 
ing end of each shoot is 
known as a hud. The bud 
which lies at the apex of a 
shoot, the lower portion of 
which has already under- 
gone elongation, is a terminal 
hud ; the lateral buds are the 



early stages of shoots de- _ _ .. . .. .. . 

J ° Fio. 1. — Diagrammatic longitudinal nectfni 

veloped laterally upon a through the growing apex of a Ktem ; b the leaves, 


growing main shoot, which hl their axillar y buds ; « epidermis; / hbrovascu- 
° . : lar bundles. 

often remain m this con- 


dition for a considerable time. The arrangement of the lateral 
buds, and consequently that of the branches which are developed 
from them, is closely related to that of the leaves ; thus in Mosses 
and many Ferns they are developed immediately below or by the 
side of a leaf ; in the higher plants, always in the axil of a leaf, 
that is to say, in the angle made by a leaf with the internodc above 
its insertion. In the latter case they make their appearance at the 
first formation of the leaves (Fig. 1, hi). With few exceptions, 
they are developed in the axil of every leaf, the exceptions being 
the leaves that form tho flower, and those of many of the Conifers. 

§ 3. The Arrangement of the Leaves (Phyllotaxis). The 
arrangement of the leaves on the stem is most intimately connected 
with the acropetal order of their development ; and since, as has 
been already shown, the arrangement of the lateral shoots depend# 
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on that of tho leaves, the same laws determine the arrangement of 
both these sets of members which apply generally to all ncropotally 
developed members of plants. These laws are most conspicuously 
exhibited in the arrangement of the leaves, and they will bo fully 
discussed with reference to these members only. 

Leaves arc developed either in whorls , that is to say, two or more 
at the same level on the stem, or singly, when their arrangement 
is said to bo scattered. In some cases certain of the internodes 
do not elongate, and therefore the leaves, which have been really 
developed singly, or their axillary buds, appear to have been de- 
veloped at the same level on tho stem, thus forming a spurious 
whorl, as in the case of the upper leaves of the Tiger-lily and of 
the whorled branches of the Pines. 

Ihe arrangement of the leaves on the circumference of the stem 
is also very variable ; this is particularly conspicuous in the cases 
where the leaves are arranged in whorls, for which reason these 
will be first discussed. If a whorl consists, for instance, of two 
leaves, it is obvious, that they will be placed exactly opposite to 



tfj-icn omer on tne surface 


ui tne 


stem, and that the distance between 
them, measured from the points of 
insertion, will amount to just half 
the circumference of the stem. Simi- 
larly, if the whorl consist of three 
leaves, the distance between any two 
adjacent leaves will be one-third of 
the circumference, and so forth. The 
lateral distance between the points 
of insertion of two adjacent leaves, 
measured on the circumference of 
the stem, is called their divergence, 
and it is expressed in fractions of 
the circumference. 

Moreover, it is a rub, though not 

WUW18 without exceptions, that the succes- 

-2, 3-3, the succes- sive whoils alternate, so that the 
leaves °f any whorl lie opposite to 
the intervals between the leaves of the whorls above and below it, 
Ihus the leaves of alternate whorls are exactly above each other 
(Fig. 2). 

11ns arrangement, as m fact all relations of position, may be ,ery 


Fio. 2.— Stem of Lannum with whorls 
of two leaves; 1-1, 
sive whorls. 
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plainly exhibited by means of diagrams (e. g ., Figs. 3 and 4). Such 
a diagram consists of a ground-plan of the stem, regarded, as being 
d cone , and looked at from above: the insertion of each leaf will 
lie upon one of a series of concentric 
circles, and the higher the insertion of 
the leaf upon the stem, the nearer to the 
centre will be the circle of the diagram 
upon which its insertion is indicated. 

It may be perceived in the diagram 
Fig. 3, that when the leaves are arranged 
in alternate whorls they form twice as 
many longitudinal series on the stem as 
f here are leaves in each whorl, provided, 
of course, that the number of leaves in °’ 0 ’ 0,0 ’ tLc four 

. 1,1, 2,2, 3,3, the successive whorls. 

each whorl is the same. The longitu- 
dinal series, which are indicated in the diagram by radii, are called 
orthostichics. 

This particular arrangement of alternate whorls of two leaves 
occurs very frequently, and is termed the decussate arrangement. 
The two leaves of each whorl are said to be opposite. It is com- 
paratively rare for equal successive whorls to be superposed; that 
is, that the leaves of each whorl should lie exactly above or below 
those of the others, so that there are only as many orthostichics 
as there are leaves in each whorl. 



Fir. 3 — Pingrnm of a Stem 
\\ ith alternate two-leaved whorls 


Examples of decussate leaves : the Caryopliyllaceae, the Labi a tie, the Caprifo- 
liacero, to which belong 
Syringa (Lilac), Lonicera 
(Honeysuckle), and Sam- 
bucus (Elder) ; the 'Maple, 
the Horse-chestnut, and 
tbo Ash. In Rita mans ca- 
iharticus the two leaves of 
each whorl are usually at 
a slightly different level. 

Alternate whorls of 3 
(irrespectively of flowers) 
occur in the common Ju- 
niper, in Catalpa, and oc- 
casionally in the Horse- 
chestnut and the Maple. 




Fig. 4. — A. Din gram of a stem bearing leaves with a di- 


vergence of 
o i 1. 


B. A stem bearing leaves wilh a divergence 


When the leaves are arranged in a scattered manner it is easy to 
detect that, within a certain region of the stem, their divergence is 
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constant ; that is, that the distance between any leaf and its imme- 
diate predecessor and successor is a certain fraction of the circum- 
ference. In the simplest case, when the divergence is f (Fig* 4 A), 
starting with any leaf 0, the insertion of the next leaf in suc- 
cession on the stem, which may be numbered 1, will be exactly 
opposite to that of the leaf 0, and the next leaf, numbered 2, will 
be opposite to 1 and exactly above 0. Thus there are two ortho- 
stichies. In proceeding from leaf 0 to 1, 2, 3, and so on, always in 
Aic same direction, the circumference of the stem is traversed in a 
spiral which, in the course of each whole turn, touches the bases of 
two leaves and intersects the same ortliostichy. This spiral will 
pass through the insertion of every leaf, and as it does so in the 
order of their development, it is known as the genetic spiral . The 
number of leaves through which the genetic spiral passes in its 

course between any two 
on the same orthostichy is 
termed a cycle. When the 
divergence is a the leaf 
numbered 3 comes exactly 
above leaf 0; 4 over 1, 
h over 2; and so on ; and 
there are three orthos ticli- 
ous lines, the cycle being 
composed of three leaves. 

It might be said with equal 
accuracy that the diverg- 
ence is |, since leaf 1 is dis- 
tant | of the circumference 
from leaf 0, if the spiral be 
followed in the other direc- 
;ion. If it be continued in this direction, it will pass round the 
stem twice in each cycle. For the sake of simplicity, the spiral is 
not traced in this longer way, but in the shorter way. When the 
numerator of tho fraction of divergence is not 1, but some other 
rational number, the spiral passes round the stem more than once 
within the cycle, in fact, just as many times as is expressed by 
the numerator of tho fraction of divergence ; the denominator of the 
.Faction expresses the number of the ortliostichies. In Figs. 5 and 
ti, which represent a constant divergence of £, it is easy to seo that 
eight orthostichies are present, leaf 9 being over 1, 10 over 2, and 
so on ; also that the spiral returns to a leaf on the same orthostichy 
after three tarns, and thus goes thrice round tho stem in one cycle. 



Fio. 6.— Dingvam of a stem with a constant diver- 
gence of I, II, III, etc., tiie oitbostichous lines. 
(After Sachs.) 
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If it is required to determine the arrangement of the leaves 
(phyllotaxis) on a stem, it is necessary to find the leaf which is 
exactly above the one, numbered 0, selected as a starting-point, 
and then to count the number of leaves which are met with in 
following the shorter spiral round the stem between these two 
leaves. The number of the leaf which lies in the same orthostichy 
is the denominator of the fraction of di- 


vergence, and the numerator is the number N 

of turns made by the spiral between the T\ 

two leaves. 

When the number of orthostichies is ; l// 

greater than 8, it becomes very difficult to I ifffiff j- 

detect them, particularly when the leaves |il|[||l j — 

are closely arranged as in the rosette of j 

the House-leek, the capitulum of the Sun- lift 
flower, or as the scales in a Fir cone. Eftl J_ — j" " 

Another set of lines lying obliquely then HP^i- ! f 

strike the eye, called parasiichies , whicli j|J|| j^llj 

also run round the stem in a spiral, but yT[““ | 

touch only some of the leaves; for in- H 1, 
stance, in Fig. 6, the line which connects jj|| _J__ — 

the leaves 3, 6, 9, and 12. It is evident j $ » 

that the number of parallel parastichies |flj| ! • 
must be as great as the difference between jjHjjjjjj’ i 

the numbers of the leaves in any one such i J 

line. Thus in Fig. 6, again, another para- | j__ - 

stichy connects the leaves 2, 5,8, 11, and so S|j|fe _ w 

on; and a third, the leaves 1, 4, 7, 10, etc. 

From this it is possible to deduce a simple 
method for ascertaining the phyllotaxis in 

complicated cases: the parastichies which tLe K . ave8 of which have the 
run parallel in one direction are counted, constant divergence of t; the 
and the leaves in one of them are numbered leave \° r 

are indicated by their inser- 

according to the above-mentioned rule ; by tions, those of the posterior by 
repeating the process in another system of circles, they an .connected by 

parastichies which intersects the first, the are the eiyht orthuai>chie*. 
number of each leaf will be found. 


The commonest divergences are the following: 

112 3 * 

S»» 3> B> 8» TT> a 1» 3 4* 

I’his senes is easy to remember, for the numerator of each fraction 
is the sum of those of the two preceding, and it is the same with 
the denominators. 
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There are, however, divergences which are not included in this 
scries, e.g etc. In some cases the construction of a spiral 
with a constant divergence is impossible, as in Salvinia. 

The causes of this regularity of arrangement of the leaves lie 
partly in the mode of origin of the leaves at the apex of the stem 
and partly in the displacements which they undergo in the course 
of their subsequent growth. 

Instances of the divergence £ : all Grasses, and the smaller branches of the 
Elm, the Lime, the Hornbeam, and the Beech ; in these, particularly in the 
last, the leaves undergo displacement, so that on the under side of the branch 
the divergence is less, and the upper side it is greater than 

Divergence of £ is found in all the Sedges, and in the branches of the Alder 
and Aspen. 

Divergence of * may be regarded as the most frequent; it occurs in many 
herbaceous plants and in most of the smaller branches of the "Willow, the 
Foplar, the Oak, the Bose, the Cherry, and the Apple. 

The acicular leaves of the Firs and Spruces usually have a divergence of g 
and -,* 3 : 5 " T occurs very commonly in the cones. 

Finally, it may be observed that the genetic spiral turns sometimes to the 
right and sometimes to the left on the stem : in botanical terminology, a spiral 
is said to be right-handed when it runs in such a direction that if the observer 
ascended along it he would have the axis on his right ; and left-handed, when 
it runs in the contrary direction. 

§ 4. The Form of the Mature Leaf. A leaf is usually 
flattened horizontally into abroad surface ; it is thin, and of such a 
form that it can be divided by a perpendicular plane, the median 
1 >lane 9 into two similar halves. The halves are usually counter- 
parts, like the right and left hand, or an object and its reflected 
image; the leaf is then said to be symmetrical. Unsymmetrical 
leaves, the halves of which are not similar, oecnr in the Elm, and 
very conspicuously in Begonia. The lower or outer surface of the 
leaf usually differs from the upper or inner snrface in structure, 
colour, hairiness, etc. As a rule the surface of the leaf is extended 
at right angles to the median plane, and also to the longitudinal 
axis of the stem ; but this original position is frequently altered 
by subsequent torsions. Decussate leaves, for instance, are often 
so twisted that the upper surfaces of all of them come to lie in one 
plane, as in Philadclphus ; and on the horizontal branches of the 
Silver Fir the leaves that grow on different parts of the stem are 
*o twisted that their upper surfaces are all directed towards the 
zenith. Rarely, as in the Iris, the leaf is from the first extended in 
the median plane itself. 
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Departures from the ordinary flattened form of the leaf are found 
in the acicnlar leaves of the Spruce, in the cylindrical leaves cf 
many species of Sedum and Mesembryanthemum, and in the 
tubular leaves of Allium and Juncus. 

The leaf is usually regarded as consisting of three parts : the 
sheath , the stalk, and the lamina or Made. The sheath (Fig. 7 v) 
encloses the stem at the insertion of the leaf, assuming a tubular 
or sheath- like form; it is largely developed in Grasses and Umbel- 
liferse. The leaf-stalk or petiole (Fig. 7 p) is narrow, usually semi- 
cylindrical or prismatic in form, and bears at its end the expanded 
blade (Fig. 7 Z) : occasionally, as in the Australian Acacias, it is 
flattened and leaf y, when it is termed a phyllode . These three 
portions are not, however, developed in all leaves. Many leaves, 
as those of the Maple and the Gourd, have only petiole and blade ; 
others, as the Grasses, only sheath and blade. 

Frequently the blade only is present, as in the 
Tobacco and the Tiger-lily, when the leaf is said 
to be sessile. 

The stipules must be regarded as belonging 
to the sheath: when they are present the leaf 
is said to be stipulate; but they are frequently 
wanting, and the leaf is then said to be ex - 
stipulate. In many plants they take the place 
of the sheath and appear as two outgrowths at 
the base of the leaf (Fig. 8 B and Css). They 
are often similar in colour and texture to the 
leaves, as in Willows, Peas, the Violet, and the 
Rubiacese, in which they are compound ; in nnncnius Ficaria. 
other plants, on the contrary, they are colourless v S},eill,ll} p 8tRlk ; 

t 1 -i f ii rr J t , - 1 bla(lc ( nafc - Bize )- 

or brown, and fall off soon after the leaf is un- 
folded, as in the Beech, the Elm, and the Lime. Sometimes a pair 
of stipules occur as well as a sheath, and they appear as teeth at 
the top of the sheath, as in the Rose. Occasionally the two stipules 
are connate , that is, they are more or less united : when they 
cohere by their outer margins they form an opposite stipule, as in 
Astragalus, and when they cohere by their inner margins they 
form an axillary stipule, as in llouttuynia cordata : in the Polygo- 
nacese they cohere by both their inner and outer margins, thus 
forming a sheath, termed an ochrea (Fig. 207 A o) which surrounds 
the internode above the insertion of the leaf : when the stipules 
of opposite leaves cohere they form what are termed interpet iolar 
stipules, as is frequently the case in the Rubiaceae. 
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Only in comparatively few plants does a hgule occur; this ifi 
a small outgrowth from the upper (inner) surface of the leaf, 
which is found in the Grasses at the function of the sheath and 
the hlade (Fig. 8 A i), and also in the petals of many flowers, as 
Lychnis and Narcissus. 

In the case of most leaves it is obvious that their internal tissues 
are differentiated. The fundamental tissue, which is generally 
green, the mesophyll, is traversed hy bright bands, wh.ch are the 
fibro- vascular bundles or so-called veins. These usually project 
on the under surface, and when the leaf decays, remain for a tune 
as a skeleton of the leaf. The distribution of these bundles, the 



Fia. 8. — A Part of a leaf of Grass (Poa trxvialis) with the ligule i; a the haulm; v the 
sheath; l lamina of the leaf. Ji Leaf of a Willow (Salix Capreu) ; astern; ss stipules; p 
petiole ; / lamina; k axillary bud (nat. size). C Leaf of a Pea ( Pisum a rvense); a stem; e t 
stipules ; r rachis; / /leaflets ; r/ rf the upper leaflets metamorphosed into tendrils; r end 
of tho rachis. likewise transformed into a tendril. 


venation , is characteristic of large groups of plants. In the narrow 
leaves of most of the Monocotyledons the veins are parallel, branch- 
ing rarely or not at all (Fig. 13 L), and they are therefore said to 
be par all el- veined ; while in many of the Dicotyledons only a few 
veins enter the leaf, which branch frequently and anastomose, 
forming a reticulated venation. According to the ramification 
of the veins, the venation may be either pinnate (Fig. 9 A), that 
is to say, a median vein or mid-rib runs through the leaf and gives 
off several lateral branches, as in the Tobacco, Beech, and Elm ; or it 
may be palmate (Fig. 9 B ), that is, the vein divides at its entrance 
into the lamina into a number of equal diverging veins, which may 
again divide, as in the Maple and Ivy. 
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In descriptive Botany a number of terms are used to describe 
the details of the insertion, the contour, the apex, margin, and the 
segmentation of leaves. The most important are as follows : 


■When the blade . ■/, rw 

springs immediately J|||^ 

troin the stem the j/jk 

lonl^is^said ^ ' 

perfoliate, when the ^ 13 v 

two opposite margins * 
of the base of the leal $$ 

meet and coalesce on 

, , Fm. 9. — A Pinnate venation of the leaf of the Beech , Fag u» 

e opposi e Si e o SfJ i vat i ca . m mid-rib, n lateral veins; B Palmate venation of the 
the stem from the ] ea f Q f Alchemilla vulgaris ( nat . Bize). 
point of insertion, 

e.g., Bupleurum rotundifolium (Fig. 10 B). This form must not be confounded' 
with connate leaves, in which case two leaves growing at the same level on 
opposite sides of the stem unite at the:r bases, e.g., the Honeysuckle ( Lonicera 
Capri/olium , Fig. 10 

In de current leaves 

leafy wings extend ^XNT\JIJ\ ^ \NAlf 

downwards from the 

insertion along the N^||y\ 

stem, which is then 

e.g., many kinds of C fl 

Mullein (Verbascum); || 

and the leaf -stalk is ^ 

sometimes winged in W_ ^ 

the same way by a 

downward growth of H 

the lamina. ll 

The petiole is oc " 

casionally inserted Fig. JO.— The insertion of sessile leaves. A amplexicaul leaf of 

on the under side of ^hlapei perfoliatum. B perfoliate leaf of Bupleurum rotundifolium 
C connate leaves of Lonicera Caprifolium. 

the blade, which is 

then said to be peltate; but it is usually inserted at its lower edge, and is 
either sharply defined from it or gradually merges into it ; an example of this 
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latter mode is afforded by the cuneiform leaves of the Daisy (Belli* perennis). 
A heart-shaped or cordate leaf is one of which the lower edge is deeply hollowed 
in the median line, whether it he sessile or stalked, e.g., the Lilac (Syringa). 
It is arrow-shaped or sagittate , when the blade is much prolonged on each side 
of this hollow, as in the Arrow-head (Sagittaria). As to the general form of 
the leaf, it said to be linear when the opposite edges are nearly parallel, e.g ., in 
Grasses ; lanceolate , when the leaf is at least four times as long as it is broad, 
e.g., the Bib-wort (Plantago) ; elliptical , when the leaf is about twice as long 
as it is broad, e.g., the leaflets of the Bose ; ovate , when the leaf is at the same 
time broadest towards the base ; ohov ite, when it is broadest towards the apex; 
mhrotnnd , orbicular , reniform , when it is both broad and somewhat heart 
shaped, e.g., Ground Ivy (Glechoma) (Fig. 14 E f). 

The leaf is also described, according to the form of the apex of the blade, as 
being acute, when the lateral margins gradually converge at an acute angle, 
e.g., the Bib-wort ; as acuminate, when the apex tapers rapidly (Fig. 11 G), 
e.g., the separate leaflets of the Horse-chestnut ; or as obtuse or as cmarginate 
(Fig. 11 B f ), when it is more or less indented at the broad obtuse apex, as in 
some kinds of Senna (Cassia ohovata) ; as ohcordate, when this indentation is 
deeper, as in the leaflets of the Woodsorrel (Oxalis) ; and as mneronate , when 
there is a sharp projection from the obtuse apex, as in the leaflets of Lucerne 
(Medicago saliva) (Fig. 11 F / s). 

The margin of the leaf is either entire (Fig. 13 L), as in the Forget-me-not 
and Tulip ; or it presents slight asperities, when it is said to be dentate (as 
in each segment of the leaf in Fig. 11 C ) ; or it is sinuous, with sharp spines, 
as in the Holly (Ilex Aquifolium), when it said to be wavy; or it is serrate, 
with teeth directed towards the apex (Fig. 9 B), as in the Bose *, or crenate, 
with obtuse indentations, as in the Violet (Fig. 14 E /). If the margin be 
more deeply indented, the leaf is said to be incised, and the incision may be 
either palmate or pinnate , according to the mode of venation. In order to 
express the fact that the incision extends less or more nearly to the junction 
of the lamina and petiole in palmate leaves, or to the mid-rib in pinnate 
leaves, different terms are used. Thus the leaf is said to be lobed and pinna - 
tijid or palmatifid , when the incision does not extend so far as half way (in a 
palmate leaf, Fig. 9 B) ; partite, when it extends about half way (Fig. 11 A) ; 
dissected, when it extends the wdiole way (pinnatisected, Fig. 11 C). 

Compound leaves are formed by the division of the lamina into several smaller 
laminae, connected by their secondary petioles (petiolules) , which are called 
leaflets (foliola) (Fig. 11 /'). The compound leaf, like the lobed or partite 
simple leaf, may be palmate or pinnate. In the former case it is called, ac- 
cording to the number of the leaflets (three, four, five, or more) ternate, 
quadrinate, quinate, etc. (Fig. 11 B is ternate), and by further division of the 
leaflets it may become biternate or triternate, etc. (e.g., Clover, Lupin, Horse 
chestnut). In the compound pinnate leaf the separate leaflets are called pinna:, 
and are inserted on each side of the mid -rib, or rach>* (Fig. 11 Bf), which 
appears to be a prolongation of the true petiole (Fig. 11 Dr). If the racing 
terminates in a single leaflet, the leaf is said to be im pari pinnate (Fig. 11 B t) ; 
but when it has no terminal leaflet, it is paripinnate (Fig. 11 E). According to 
the number of the pairs of leaflets, the leaf is said to be hi- or tri-jugate, etc. 
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(Fig. 11 £). It is interruptedly pinnate when large and small pinnae ocont 
alternately or irregularly, as in Potentilla anscrina. When the pinnate seg- 
mentation is repeated, the leaf becomes bi-pinnate or tri-pinnate (Fig. 11 H). 
Many leaves, by a combination of palmate and pinnate arrangement, acquire a 
highly complex conformation, as is seen in many umbelliferous plants. 

Leaves or portions of leaves are occasionally transformed into tendrils , which 
are organs of attachment (see § 48) : this is the case with the racliis and with 



Fio. 11.— Incision of leaves, p petiole: p' petiolule; f leaflet; r rncliis. A Palmatifid 
ieaf cf Geranium. B Ternate leaf of Clover. C Pinnatisected leaf of Popaver Argemone. 
Compound leaves ; I) Imparipinnate, Hippocrepxs comosa • t terminal leaflet. E Pari -pinnate, 
.’tafacvi lentiscus ; a wing of the rachis. F Imparipinnate unijugate leaf of Medicago. 
This differs from B, which is ternate, inasmuch as the secondary leaf -stalks j>' do not all 
spring from one point, but the common leaf-stalk p extends beyond the insertion of the 
single pair of pinna*. G Leaf of the Orange ; the articulation a between the blade and the 
ringed petiole shows thnt it is a compound leaf. H Pipinuate leaf of the Acsr-m 
r secondary rnoi,j g . j» secondary pinna*. 
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a It or some of the pinnte, in the Vetch, Pea, and other allied plants (Fig. 8 C r' 
and rf). Less frequently the lamina is metamorphosed into an ascidium , 
assuming the form of a pitcher, as in Nepenthes. 

The texture of most leaves may be described as herbaceous. Leaves of this 
kind last usually for only a single season, and die or fall off in the autumn. 
Leaves of firmer texture, which are said to be coriaceous , survive the winter 
and either fall off when the new leaves are developed (the Privet), or continue 
to live for several years, (Holly, Box, and most Conifers ; the acicular leaves of 
the latter may persist for as many as twelve years, (Silver Fir)). Fleshy or 
succuHit leaves occur in Aloe, Sedum, etc. In many cases leaves are meta 
morphosed into spines ; these are hard-pointed, 
woody structures, which, from their position, may 
be recognised as being modified leaves ; such are 
the leaves on the shoots of Berberis (Fig. 12 a b), 
the stipules of Robinia Pseudacacia , the persistent 
petioles of many species of Caragana and Astra- 

Tlie relative position and the form of leaves in 
the bud present many characteristic peculiarities. 

According to the greater or less breadth of the 
leaves, those which are contiguous to each other 
either merely touch at their edges ( valvate prefolia • 
tion, or activation in the case of flowers), or their 
edges overlap ( imbricate prefoliation ) ; an inter- 
mediate form, known as the contorted or twisted, 
is to be found, for example, in the arrangement of 
the petals of the Periwinkle; in this case one 
margin of each leaf is directed obliquely inwards, 
Fig. 12 —Leaf -spines of Ber- and covers that of the next. As regards the form 
6cm vulgaris, at the base of u of the individual leaves in the bud, called the 
Bhoot of one year's growth, vernation, it is distinguished as plane , when the 
a leaf-spine with broad sur- j ea f * s no ^ f 0 XJ e( l . as conduplicate, when the two 
face ;b with a smaller surface; 

let axillary buds (nat. size). balves of the leaf are folded inwards from the mid ‘ 
rib ( e.g ., the Bean) ; as plicate , when the leaf is 
Mded in numerous longitudinal or slanting pleats [e.g., the Beech) ; as crumpled , 
when the foldings and inequalities are in every direction (e.g., the petals of the 
Poppy) ; as involute, when the edges are rolled inwards towards the midrib (e.g., 
the Violet) ; as revolute , when they are rolled inwards towards the midrib on 
the lower surface (e.g., Sorrel) ; as convolute, when the whole leaf is rolled up 
from one margin so as to form a single coil (e.g., Canna) ; or as circinate, when 
the leaf is rolled up from the apex downwards (e.g.. Ferns). 


a leaf-spine with broad sur- 
face ; b with a smaller surface ; 
Ic k axillary buds (nat. size). 


In highly organised and differentiated plants many forms of 
leaf-structures (phyllomes) may be distinguished, for certain 
regions of the stem bear peculiar forms of leaves, which though 
differing in some respects, agree in their general characteristics. 
These are : 
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1. Foliage leaves , usually known simply as leaves (Fig. 13 L) 
This is the most general form. These leaves are conspicuous on 
account of their green colour, and in accordance with their function 
(see § 33), they are exposed as much as possible to the sun-light. 
If they are small they are very numerous (Conifers), and the larger 
they are the fewer they 
are (Sun - flower, Paul- 
ownia). They always 
possess a well-developed 
lamina, which presents the 
various peculiarities of 
form previously described. 

2. Scales or cataphyllari/ 

1 eaves ( Fig. 13 N). These 
are usually of a yellow or 
brown colour, of simple 
structure, without project- 
ing veins, and attached to 
the stem by a broad base. 

They may be regarded as 
the sheaths of leaves, the 
petioles and laminae of 
which have not been 
developed ; this is true 
even in the case of those 
plants the foliage- leaves of 
which usually develope no 
sheaths. They always oc- 
cur on subterranean stems 
(e.g.j the scales of the 
Onion), and sometimes on 
aerial stems. Many plants 
which are not green (Oro- 

, , XT . . -j Fie. 13.— The three forma of leaves on the stem of 

banche, IN eottia) produce Maianthemum bifolium (nat. size) ; N the scales ; L the 
Only cataphyllary leaves foliage leaves ; 11 d the bracts ; l» the flowers in the*/ 
»n addition to the floral axil8; w loot8, 

organs. The most common form in which they occur upon aerial 
stems is that of scales investing the buds of trees. In this case 
they are the lowest leaf-structures borne by the annual shoot, and 
usually fall off as the bud developes. 

Some indigenous trees have naked buds without scales, as Viburnum Lantata 
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and Rhamnus Frangula. The following varieties of bud-scales may be dis- 
tinguished : 

a. No true bud-scales— the investment of the bud is formed by the stipule* 

of the first foliage-leaf : Alnus incana and Liriodendron. 

b. The stipules possess lamin®, and are covered externally by one or more 

simple scales : Poplar, Willow, Elm. 

c. The bud-scales are stipules without lamin® : within them are stipules 

with lamin®, and there may be simple scales outside of them : Beech, 

Oak (or they may be absent), Birch. 

d. The bud-scales are simple leaf-sheaths without lamin® ; the foliage- 

leaves possess neither stipules nor sheaths ; Abietine®, Maple, Horse- 

chestnut. 

In a certain sense the cotyledons of Phanerogams, the leaves first 
developed from the seed, may be regarded as catapliyllary leaves 
These will be discussed at a later period. 

3. Hypsophyllary leaves or bracts (Fig. 13 Hd ) belong to that 
region of the stem which bears the flowers. They are smaller 
than the foliage-leaves, and are inserted upon the stem by a narrow 
base (the glumes of Grasses). They may be green or of various 
colours. 

4. The Flower is a shoot, the leaf-structures of which have been 
modified into sepals, petals, stamens, and carpels. It is peculiar 
to Phanerogams, and will be discussed when those plants are treated 
of. (PartlY.) 

§ 5. Stem-structures or Axes (Caulomes), with the excep- 
tion of the primary stem of the seedling, which is derived directly 
from the oosphere, take origin from stems of older growth ; they 
usually spring, as has been shown in § 3, from the axils of the 
leaves. As a rule, one lateral shoot is formed in the axil of each 
leaf, but sometimes more than one is formed ; when this is the case, 
the shoots are either situated one above the other, as in Gleditschia, 
or side by side, as in the bulbs of Muscari. All the shoots that 
originate as lateral buds are not necessarily developed into branches ; 
thus the buds which are formed in the axils of the bud-scales 
always remain undeveloped, ard are only incited to growth when 
the other buds are destroyed. Buds which thus remain undeveloped 
for a long period, often for years, are called dormant , and tbo shoots 
which are ultimately produced from them are said to be deferred . 

Adventitious shoots occur on old stems, and also on roots ; fre- 
quently, for instance, on those of the Poplar ; sometimes even on 
leaves, as in Bryophyllum and many Ferns. 

Bnds which become separate from the parent plant before their 
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elongation has begun, and produce new independent plants, are 
called bulbils ; such are the bulbous buds in the axils of the leaves 
of Lilium bulbiferum , and in the inflorescences of species of 
Allium, etc. 

The typical form of the stem is cylindrical or prismatic ; in the 
latter case the number of the angles bears a definite relation to the 
arrangement of the leaves ; for instance, when the leaves are oppo- 
site and decussate, the stem is quadrangular. Irrespectively of the 
the thickenings of the stem at the nodes which separate the inter- 
nodes, a tumidity, the fivlv'ntus^ usually occurs at the insertion 
of the leaf, which is very conspicuous on the branches of the Fir 
Poplar, and Ash. 

The different forms of stems are determined by the period and 
direction of their growth, the length of their internodes, the relation 
of their thickness to their length, the form of the leaves they bear, 
and by other factors. 

The soft herbaceous axis of annual plants is usually known as a stalk (caulisj ; 
the terms trunks branch , and bough are usually applied to stem- structures which 
persist and increase in thickness for several years. The latter are built up of 
successive annual shoots ; for, during the time when growth is inactive, which 
in our climate is in the winter, the apical and the lateral shoots remain quies- 
cent in the condition of buds. The lowest internodes of each annual shoot are 
short, particularly those which lie among the bud-scales, so that the limit between 
the shoots of two successive years is easily recognised even in old branches by the 
close arrangement of the scars of the fallen bud-scales. The other internodes of 
the annual shoot are longer nearer the apex, but are sometimes short again close 
beneath it, as in the Oak, so that the leaves and lateral buds are crowded below 
the terminal bud. 'When most of the internodes are elongated, as has been 
described, the structure in question is an ordinary shoot : but on many trees 
there are also dwarf-shoots. These are annual shoots the internodes of which 
have hardly elongated at all, and usually bear no lateral shoots ; such are the 
shoots bearing the fascicled leaves of the Larch, which spring from the axils of 
the leaves of an ordmary shoot of the same year : they usually elongate but 
slightly each year, but shoots of this description may, under certain circum- 
stances, develope into ordinary shoots. In the Scotch Fir, these dwarf -shoots bear 
only two green acicular leaves in addition to scales, and arise in the axils of the 
scaly leaves of an ordinary shoot of the same year’s growth. In forest-trees, 
these dwarf- shoots occur especially in advanced age, or when their growth is 
stunted ; they are very conspicuous in the Apple and the Pear, and other similar 
trees, and are the only parts of the tree which produce flowers and fruit 

The stem of herbaceous plants is usually erect , but sometimes it is prostrate , 
as in Thyme; when, in this case, roots grow from the nodes, it is called a creep- 
ing stem ( j wholes , Fig. 14 E) Stolons are long, slender, lateral snoots which 
grow cl&se upon or under the surface of the soil and take root again at some 
distance from the parent plant (e.g., the Strawberry, Fig. 14 D). Twining oi 

C 
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tiimbhig stems are stems which produce leaves and flowers, and at the same time 
grow upwards round upright supports (Fig. 15 Zf), ns the Hop, Bean, Convol* 
rulus, and others (v. § 48). Other plants climb by means of tendrils (cirrhi), 
i,e slender, filiform, lateral shoots with only minute scale-like leaves which 
twist spirajjy round foreign bodies (Fig. 15 A), as in the Vine, Virginia creeper, 
Passion flower, etc. 



FjS. It— Various forms of skeins. A Tubers of Uefinnlhiia tvherotus (J nnt. mzp) ; * lover 
part of the stem springing from last year’s tuber k ' ; in the axils of the upper leaves arise 
I he buds fcn, and in those of the lower leaves the tubers 1: with very small scaly leaves and 
buds. B. Bulb of Jl'jocinthus orivtitalis (reduced); h the discoid stem, z the scales, s the 
stalk wliich subsequently elongates and bears the flowers above ground, with the buds h ; 
( foliage leaves, w roots ; fcn nn axillary bud which becomes next year’s bulb. C Elongated 
rhizome of Cares arenaria (J) ; scaly leaves n of the rhizome «; a erect shoot with scaly and 
foliage-leaves l.—T> Runner of the Strawberry, Fragaria ircduccd), springing from tht 
plant a. with scaly leaves n, from the axil of which a new runner b arises. E Creeping 
stem of the Ground Ivy, Glechoma hederacea (reduced) ; //decussate leaves; the intOTindei 
are twists : a axillary shoot: w root 
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Many axial structures become thorn*, being metamorphosed into bard, sharp* 
pointed bodies. Sometimes the apex of a Rhoot is modified in this way aftei 


it has produced 
leaves, e.g the 
Sloe (Fig. 16), or 
certain lateral 
shoots are de- 
veloped as thorns 
from the first, as 
in Gleditscliia. in 
which plant se- 
condary thorns 
also are developed 
from the axils of 
scaly leaves. 

With regard 
to those subter- 
ranean stems 
which are com- 
monly lcnown as 
roots, and bear 
for the most 
part cataphyllary 
leaves, the most 
important va- 
rieties are — the 
rhizome , which 

differs but little 



from the ordinary 
typical stem ; it 
grows horizon- 
tally under the 
earth’s surface, 


Fni lf» - A Pari of the stein <>f the Vine nnt. size) with two 
tendrils it; the upper one herns small leaves h and brunches; the 
lower one has become attached to a. support x and hns rolled up 
spirally ; lb petioles ; in this case the tendrils are branches which nr* 
peculiar in that, they nra opposite to the leaves. J? Twining stem of 
Ipnincea, 8, with leaves 1 and a laid Jr; aw is the support. 


and dcvclopes 

new aerial, herbaceous stalks and sometimes given 
leaves every year (Fig 1 i C) : the tuber , which 
grows greatl} 7 iu thickness and bears only minute ^ 
scaly leaves ; e.g., the tubers of the Potato and of 
Ueliantliu* tuherosns (Jerusalem Artichoke) (Fig. 

14 A /») : the bulb (Fig. 14 /»), which consists of a 
flat discoid axis (h) bearing numerous crowded and Fig. iu — Th< m of the Sh e, 
overlapping leaves ( z ) e g the Onion and Tulip, Primus spinosa, a branch, d 
and the conn (Crocus) in which the axis is larger F-af-scar, from the axil of which 
and the scales less numerous and more delicate. “'""V s, r ,ri,,R9 ; 

- on the thorn are f f leaf-scars ; 

i lie form of stem which differs most widely from in the axil of the upper one i* 

the ordinary type is the phylloclade , which re- the branch z, in that of the 

pembles a leaf in its appearance, and bears only l°wer, the bud ft. 

very small true leaves, e.g., the branches of Iluscus and Fhyllanthus. In the 




20 


PART i. — THE MORPHOLOGY OF PLANTS. 


Cactus family there is the greatest diversity in the form of the stem ; it may be 
leaf-like, spherical, cylindrical, columnar, etc. — but in all cases the leaves re 
rudimentary. 

§ 6. Development of Branch-Systems. Just as it is pos- 
sible to ascertain the laws governing the relative positions of all 
members growing in acropetal succession from a study of the leaves 
(which are always developed in that order), so the study of the 
branching of stems will lead to the general laws which regnlate 
branching. By branching is meant the production of similar mem- 
bers : — thus it is an instance of 

ft f\ * n branching when a root produces 

a lateral root. Any member 
iVm with its branches composes a 

Jj\ || J I* I /? branch-system, and every brancli- 

mem ^ er ^ s > with reference to 
' ^ its branches, the axis of a sys- 

tern. Tho following types of 
V branch-systems may be distin- 

t/j' r ' guished, according to the ar- 

^X A r ’ X rangement of the members : 

B 1. The branching is termed a 

/ Ifi/r ' r f] Dichotomy or Polyotomy , when 

r ^ rec ^ a P^ ca l growth of a 

1 ^ member ceases, two or more 

j f * r \[K 1 ^rowing-points which are equally 

I j {, ^t^ a ^ an y rate at their 

1 v , ,, ’ '^ velopment, being formed 

at the apex. „„ , , . . 

Fig. 17.— Diagram of the various modes of VL I lie member Winch 

development of a Dichotomy. A On. deve- bears the brafiSj ^ ^ 

loped by bifurcation. B Helicoid dichotomy ; base or podium , fj 

here the left-hand branch is always more . , and each of 

vigorous than the right (r). C Scorpioid ™ iese branches may >*• become 
dichotomy; the right and left branches are base of a new dichX 
alternately more vigorous in their growth. po j yotomy _ They may °J 

continue to grow with equal vigour, and then, in the case o't'v 
dichotomy, the branching remains distinctly bifurcate (Fig. 17 g4)x\, 
or the system may become sympodial , if at each bifurcation one 
branch becomes more strongly developed than the other : in such a 
ease the bases of the successive bifurcations appear to constitute an 
axis, which is called the pseud-axis or sympodium i on which the 
weaker branches appear as lateral branches (Fig. 17 B.C). The 
sympodinm may consist o* bifurcations belonging to the same side 
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of the successive dichotomies, cither to the left or to the right (Fig. 
17 B) f when it is said to be a helicoid (bostrychoid) dichotomy , e.g. t 
the leaf of Adianiuin pedatum, or it may consist alternately of the 
right and left bifurcations of successive dichotomies (Fig. 17 C), 
when it is said to be a scorjjioid ( cicinal ) dichotomy . 

Dichotomous branching is rather uncommon, and scarcely ever occurs in 
leafy shoots : it occurs in the roots of the Lycopodie# and in the frondose 
Liverworts. 

2. The branching is said to be racemose when the member con- 
tinues to grow in its original direction, and produces lateral 
branches in acropetal succession behind its apex; it is therefore 
the common base of all the lateral shoots, and lienee the system is 

termed mono - 
2 z f podial. It is 

evident that 
this mode of 
branching 
must occur 
in all stems 
the lateral 
branches of 
which are de- 
pendent, as to 
their position, 
upon the ar- 
rangement of 

Fig. 18 . — Pin gram of a False Dichotomy or D’ebiinium ; the Romnn the leaves and 
numerals indicate the order of development of the shoots of the 9 

system. Thoso numbered IT and II" are equally vigorous, and much are therefore 

moro so than the primary axis I. (From Sachs.) developed ill 

acropetal succession. Each branch may subsequently branch again 
in the same manner. The primary axis continues to grow more 
vigorously than the lateral axes, and each lateral axis stands in the 
same relation to the lateral axes. 

3. The branching is said to be cymose , when at an early stage the 
growth of each lateral axis begins to be more vigorous than that of 
the primary axis above the point of origin of the lateral axis, and 
when the lateral axis becomes more copiously branched than the 
primary axis. Hence two forms may arise : 

(a) there may be no pseud-axis ; this is the case when two or more 
Lateral axes are developed in different directions and grow with 





Fag. J9.— CymoBo branchings represented diagram inn tically. A li Seorploid (cicinnl) 
cyme. C Dichasial cyme. 1) Helicoid (bostryclioid) cyme Tbo numerals indicate the 
order or succession of the lateral shoots which spring from each other, (Figs. A, B and D 
are ground-plans; Fig. C is a projection into tho plane of the paper). 

side, tlie system is called a helicoid cyme (Fig. 19 D) ; if alternately 
in those of both sides, it is called a scoiyioid cyme (Fig. 19 A JJ). 
Such a branch-system is said to be sympudial. 

As examples of these various modes of branching, the inflorescences, which 
will be treated of subsequently (Part IV.), may bo especially mentioned ; the 
following are selected from the vegetative organs : 

Racemose branching is very evident in Conifers ; the trunk is always more 
strongly developed than its lateral branches, and these than their lateral branches 

False Dichotomy is exhibited in the stem of Viscum, the apex of which either 
terminates in a flower or else dies ; only the axillary buds of the two leaves de- 
velope into new annual shoots. As regards the arrangement of the annual shoots, 
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the same occurs in Syringa, in which the axillary buds of the uppermost pair ol 
leaves form the continuations of the stem, whilst the terminal bud dies ; also In 
Rhamnus catharticus , in which the main axis is metamorphosed into a thorn. 
In this case the branching of each annual shoot is racemose, but the successive 
annual shoots form a cyme. 

The succession of the annual shoots of many trees, as the Birch, Elm, Beech, 
and Hazel, affords examples of the sympodial cyme ; in these, each annual shoot 
either terminates in a flower, or it dies, and the uppermost lateral bud forms its 
continuation. Here also the branching of each annual shoot, apart from its 
apex, is racemose. 

§ 7. The term Root in its botanical sense is not applicable, as 
in ordinary parlance, to any subterranean part of a plant, but only 
to those members of a plant which are developed endogenously, 
which produce no leaves, and which 
have their growing-point protected by 
a peculiar structure, the root-cap (Fig. 

20 /<). The outermost cells of the 
root-cap are thrown off while new 
ones are continually being formed at 
the growing-point. 

Roots only occur in such plants as 
possess fibro- vascular bundles, and 
they themselves invariably contain 
such bundles ; only a few vascular 
plants are entirely destitute of roots 
(Salvinia, Lenina arrldzn , etc.). The 

term primary root (tap-root) is applied wut frt,lu tl,e pericambium of the tap* 
x ' . . . , root of Vicia Faba. (Longitudinal 

to tlie root of a young plant which gec Ina ^ > 5 times.) / Fibrovasculai 

lies in the same straight line as its bundles, r Cortex of the main root. 

. . . 1 -i -r-r , n h Ltoot-cap of the lateral roots. 

primary stem ; in the V ascular Cryp- 
togams and in the Monocotyledons it remains small, and it is only 
in the Dicotyledons (to which group the Bean, the Tobacco, the 
Hemp, and the Oak belong) and in the Gymnosperms, that it 
attains a considerable size in proportion to the rest of the plant. 
All the other roots — the secondary and the adventitious — originate 
laterally upon the primary root, or from the stem, or even from 
leaves. They invariably originate from an internal layer of tissue, 
and then break through the external tissues. On anatomical 
grounds (§ 25), the lateral roots are arranged in longitudinal rows 
on the main- root; at a later period, however, numerous adventitious 
roots are successively developed here and there between the original 
lateral roots. 
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The primitive form of roots is that of an elongated cylinder ; only those roots 
which undergo a gradnal growth in thickness and at the same time become 
succulent acquire a spindle shape, e.g., Beetroot, or exhibit tuberous swellings, 
e.g. y the Dahlia. The aerial roots of many tropical plants, such as Tree-Ferns, 
Orchids, and Aroids, which serve to attach them to tall trees and other supports, 
are physiologically different from true roots. So, too, are the climbing roots of 
the Ivy, which grow close together from certain parts of the stem and remain 
quite short, serving as a means of secure attachment to walls and tree-trunks : 
also the sucker-roots of many parasitic plants, e.g., Dodder (Cuscuta), which 
penetrate the tissues of the plant which nourishes them. 

§ 8. Hai rs or T richomes are organs which are developed from 
the epidermis of a member. This category includes not only hairs 
in the strict sense of the word, such as will be described hereafter 
in § 29, but also many reproductive organs, such, for instance, as 
the sporangia of Ferns. 

Prickles , such as those of the Bramble or of the Bose, 

f are usually included among trichomes (Fig. 21). They 
differ from true hairs in that they are formed not from 
the epidermis only, but from the subjacent tissue also, 
but they agree with them in that they are not arranged 
in any regular order, and are not the result of the mo- 
dification of certain members (caulomes or phy Homes), 
as is the case with thorns and spines. Like the hairs thc>y 
are merely appendages, the occurrence and arrangement 
of which does not materially affect the general structure 
of the plant. In order to indicate the fact that they are 
not developed in the same way as true trichomes, prickles 

Kig. 21. rnckles on an( j allied structures (warts, tubercles, etc.) may be de- 
the stem of the Bramble, , •, r, 

u , . signated as Emergences. 

Kuhns fruttcosus (nat. , * 

B i ze ) # The ordinary hairs may be simple, or compound, they 

may be stellate, they may be hardened and elongated 
(setae), or they may be glandular. According to the nature and number of the 
hairs upon it, a surface is said to bo pubescent (the flower-stalks of the Prim- 
rose), pilose (leaves of the Sunflower), hirsute (Myosotis sylvatica ), setose 
(Borrage, Echium), villous (Anemone Pulsatilla), tomentose (leaves of Petasitcs 
nivens and spurius), silky (leaves of Salix alba), woolly ( Stachys germanica). 
If there are no hairs upon it, it is said to be glabrous. 


§ 9. The body of the lower plants (Algae, Fungi, and many 
Liverworts) exhibits no differentiation of stem, leaf, and root. It 
possesses organs which serve, like the roots of the higher plants, to 
nx the plant to the soil and to absorb nutriment, and frequently it 
exhibits branchings which resemble leaves ; but these structures do 
not properly belong to the two categories as defined in § 1. Such a 
body is termed a Tit alius . A thallus may, and very frequently does, 
bea^ true trichomes, such, for instance, as root-hairs. 
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§ 10. The members of tlie plant which have been described in 
Part I. agree, as to their internal structure, in this, that they all 
consist of cells or of structures formed by the modification of cells. 
The cellular structure of the parts of plants may be easily observed: 
a section seen with even a lov magnifying power shows cavities 
separated by walls. Sometimes it :s possible by mere pressure to 
separate the cells forming a tissue, as in the case of the ripe Snow- 
beny (fruit of Symph or i carpus racemosus ), when they appear as 
closed vesicles filled with fluid. Certain cells always occur isolated; 
thus the pollen consists of isolated cells. The form and develop- 
ment of cells, the mode of their combination to form tissues, and 
the resulting texture of the tissue, may vary greatly. Since the 
variety of tee tissues depends upon the development of the cells 
composing them, it will be advantageous to study cells, as such, 
first, and then the tissues. 


CHAPTER 1. 

THE CELL. 

§ 11. The Structure and Form of the Cell. In a well* 
developed living cell the following three principal constituents may 
be distinguished : 

(1) . A firm elastic membrane, closed on all sides, the cell -wall 
(Fig. 22 G h)> which consists of a substance peculiar to itself, called 
cellulose. 

(2) . A layer of soft substance, the protoplasm , lying in contact 
with the inner surface of the membrane, and, like it, closed on all 
sides ; this always consists of albuminous substances (Fig. 22 G p)< 
In all the higher plants at least, a nucleus (Fig. 22 G 1c ) occur® 
imbedded in it. 

25 
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(3). A watery fluid, the cell sap, which fills the whole space, 
called the vacuole , enclosed by the protoplasm (Fig. 22 C s). 

The same cells in which these three parts may be distinguished, 
present, in their young state, when they are very much smaller 

(Fig. 22 A ), quite 
a different appear- 
ance. At this period 
the protoplasm fills 
the whole cell ; the 
col l- sap makes its 
appearance in the 
course of develop- 
ment, at first (Fig. 
22 Z>) in the form 
of small drops. 
These, while the 
whole cell increases 
in size, gradually 
increase also and 
coalesce ; while at 
the same time the 
bands of proto- 
plasm which se- 
parate them are 
absorbed into the 
peripheral layer. 

In' this w ay these 
cells attain the con- 
dition in which they 

FTo. 22. — Parenchyma-cells from the cortical layer of the root remain until the 
of Fritillaria imperial is; longitudinal sections ( x 650). A Very Or°*a 

young cells lying close to the apex of the root, still •without ° 

cell-sap. h Cells of the same description about 2 mm. above the of which they form 
apex of the root; tho cell-sap 8 forms separate drops in the j. rni rnovbp 
protoplasm p. C Cells of the same description about 7-8 mm. t ‘ * J J 

above the apex of the root; the two cells to tho right below taken as examples 
are seen in a front view; the larpe cell to tho left below is in Q £ cells which 

section; the cell to tho right above is opened by the section; 

the nucleus shows, under the influence of the penetrating compose the SUCCU- 
water, a peculiar nppearar.ee of swelling (xy). (.Copied from lent parts of plants 
Sachs.) , 1 ,, 1 x ’ 

such as the cortex 

of stems and of roots, and fruits. Other cells, as for instance those 
of wood and cork, pass beyond this stage and become still further 
modified ; the ccll-sap and protoplasm disappear, so that at last only 
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air or water is contained within their walls. But whilst cells of the 

former class, furnished with protoplasm, are capable of carrying on 

osmotic and chemical processes, and, under certain conditions, of giv- 

ingrise to new cells, — that is to say in short, of living, — mature wood- 

cells, devoid of protoplasm, are no longer capable of performing these 

functions ; they are a n 

of use only in virtue jj If f\ j] 

of the firmness and 1 ul Jjjj I )>;? 

other physical pro- || |7 fii /| 

perties of their III I] I MW 

walls. lienee the | // 1 Jj J \\ ^ 

protoplasm is to be rj jj /) //J) \ \] 

regarded as the ;| || // j If f J ^ 

living body of the II j, (f\ 1 ( h ([ 

cell. Indeed, there jjl| ^ Vv\ \\ A 

are cells which, J jji L V \ v\\ 

when first formed, ||j||| |j j\ \ & jL I 

consistonl\ r of naked 'ji'lnj 1 J L / L j 

protoplasm, .ml ® V H N 

they occur precisely i|J j j II \\\ jiM 

in connection with | tt | 'A \\ 

the most important jli J ; \\\\ l 

vital function of ||| \ Jj V\\ 

the organism — that ■ j[J l \ j h \jj 

of reproduction. j||| //j \ j 

Such cells are il jj j \A \ I 

termed primordial 1 yli y| | J 

cells (Fig. 37 B). I 0 M | 

They subsequently \ V V , 1 


become surrounded FlG 23 _ Var ons forin8 of ( . eI)a> A Tll0 end uf a bust-fibre, 

by a membrane with strongly tli ckonedpittod walls (longitudinal section x 300). 

which is secreted v " ‘ "“ ‘he root “ftl.o Cucumber (X 300),8urlut, o . 

view and Bcction. C Part of vessel with bordered pits from r lie 
by the protoplasm. Stem of Helianthus tuberosus (x 300) cut open at the top. At o 
From this it ap- ail(i ^ remaj 8 °* tlie absorbed Bepta are visible. 

pears that the cell- wall, as well as the cell-sap, is a product of the 

vital activity of the protoplasm. It has been attempted to express 
the essential characters of the cell by describing it as a mass of 
living protoplasm which usually surrounds itself 'with a Jinn membrane , 
and takes up fluid into itself 

Various as the internal arrangements of the cell may be, its size 
and form may vary quite as widely. While some cells are so small 
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that little more than their outline can be discerned with the help 
of the strongest magnifying power (about O’OOl of a millimetre in 
diameter), others attain a considerable size (from 0*1 to 05 mi i- 
metre), so as to be distinguishable even by the naked eye (for 
example , in the pith of the Dahlia, Impatiens, and Elder (Sam- 
bucus)). Many grow to a length of several centimetres , as the hairs 
upon the seed of Gossypium (cotton) ; others finally, as in some Alga*, 
where the whole individual consists of a single cell, attain still largei 
dimensions. 

The Form of such cells as constitute an entire individual is often 
nearly spherical, or ovoid, or cylindrical ; but they may also exhibit 
a highly complex conformation, in consequence of the assumption of 
quite different forms by the various outgrowths of one and the 
same cell. The various organs of highly organised plants consist 
of very different cells, and even in the same organ cells lie side by 
side which are of very different form, and which are filled with 
somewhat different contents, for diverse functions have to be per- 
formed by a single organ. The cells in sucli a case are sometimes 
spherical or polyhedral, with nearly equal or slightly differing 
diameters (Fig. 22 0, as in pith, in juicy fruits, and in fleshy tubers) ; 
sometimes greatly elongated and at the same time excessively narrow 
(Fig. 23 A and B ), as in wood, in bast-fibres (Flax), in many hairs 
(Cotton). Longitudinal rows of cells frequently combine to form a 
special organ by the absorption of the transverse septa which 
separate their cavities (Fig. 23 G) : it is thus that the vessels , as they 
are called, are formed. (See § 22.) 

§ 12. The Cel I- wall consists of cellulose, water, and inorganic 
constituents. It originates and grows in consequence of the secre- 
tion of these substances by the protoplasm. The growth of the 
cell-wall takes place both in extent and in thickness ; it is effected 
by the intercalation of additional particles of solid matter between 
those already existing in the membrane.* 

By its superficial growth the surface of the membrane and con- 
sequently the whole volume of the cell, is increased ; so much so 

• This mode of growth by intercalation of new solid particles between the 
existing particles is known as intussusception , and is essentially different from 
opposition , — that is to say, the deposition of new particles upon the surface of 
the growing body, as in crystals. This phenomenon is closely connected witlj 
the idea that in the cell-wall, as in starch granules and other organised bodies, 
the solid particles must be conceived of as being surrounded on all sides bj 
water. 
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§ 12.J 

that the volume of the cell not unfrequcntly becomes a Hundred- 
fold greater. Thus, for instance, in a leaf enclosed in a leaf-bud, 
the cells, of which it will consist when 
mature, all exist already, and it is by their 
simultaneous increase in volume that the 
leaf attains its ultimate size. In the rare 
cases in which the superficial growth is 
equally great at all points, the cell preserves 
its original form, but usually the cell-wall 
grows more vigorously in certain parts than of ciclll)Hum Intyhu , ; the al . 
in others ; thus, for instance, a primarily most spherical surfaco of the 
spherical cell may become cubical, tabular, " Z- 
cylindrical, tubular, fusiform, and so forth. longed into spines, nnd form- 
Tho growth in thickness of the cell-wall i«ff a network. (After Sachs.) 
is also rarely uniform ; the cell-wall commonly becomes more 
thickened at some points than at others, and thus acquires in- 
equalities of surface. In the case of isolated cells or of free cell 
walls, the prominences existing in this way on the external sur- 




Fir.. r Annular, s spiral 
thickening of the walls of ves- 
sels ; r seen from outside, « in 
longitudinal section highly 
magnified (diagrammatic). 



Fig. 26.— A cell with 
pitted walls from the 
wood of the Elder (Sam- 
bucus). A longitudinal 
section showing the pits 
in the lateral walls as 
channels, a ; and in the 
further wall as roundish 
spots, b. x 240. 



Fig. 27. — Transverse sec- 
tion of a bast cell from thf 
root of Dahlia variabilis ( x 
800); l the cell-cavity ; K pit- 
channels which penetrate 
the stratification ; sp a crack 
by which an inner system of 
layers has become separated 
(Copied frum Such-.) 


"ace appear as warts, tubercles, knots, etc. (Fig. 24). Cells that 
'ire united to form tissues have their inequalities on the internal 
surface of the cell-wall ; the prominences sometimes have a defi- 
nite form and project into the interior of the cell ; such arc tlio 
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annular (Fig. 25 r) and spiral thickenings (Fig. 25 s) of the walls 
of certain vessels; in the so-called reticulated cell- walls, the thicken- 
ing is in bands which are united into a network, so that circular or 
oval thin spaces are left. In other cases, solitary and relatively 
small thin spaces are loft in the wall in the course of the growth m 
thickness , which appear, when seen on the external surface , as 
bright spots, commonly called ^///?, and are seen in section to be 
canals of greater or less length, according to the relative thickness 
of the walls (Figs. 2G and 27). Very frequently the pit, wher seen 
from the surface, presents the appearance of two concentric circles 
(Fig. 23 C) ; for this reason, that the opening of the canal into the 
interior of the cell is narrow, whereas the external opening is broad. 
Such bordered pits occur in the wood-cells of Conifers (Fig. 42) ; in 
the walls of many vessels (Fig. 23 0) ; and elsewhere (Fig. 41). 
The scnlariform thickening of the walls of many vessels arises from 
the regular and close arrangement of bordered pits which are much 
elongated transversely. 

The cell- wall shows indications, in many cases very plainty, of an 
intimate structure which depends upon the regular alternation of 
more and less w r ntcry layers ; this displays itself in transverse and 
in longitudinal section as concentric stratification (Fig. 27), and on 
the surface as sf rial ion. 

Thin cell-v’alls generally consist, as regards organic substance, 
entirely of cellulose, which assumes a blue tint on the addition of 
iodine and sulphuric acid. In thickened avails it frequently happens 
that certain parts, composed of successive layers, consist of modified 
cellulose. The principal modifications are the following : — 

(1) . The cellulose may be converted into cork (cuticularized). 
The cuticularized cell-w r all is extensible, highly elastic, almost im- 
permeable to wuxter ; it turns yellow r when treated with iodine and 
sulphuric acid (examples, the cells of the epidermis and of cork, 
pollen-grains, spores). 

(2) . The cellulose may be converted into lignin. The ligneous 
cell-w T all is hard, inelastic, it is easily penetrated by w r ater, but it 
does not absorb much ; it turns yellow w’lien treated with iodine 
and sulphuric acid (examples, wood-cells). 

(3) . The cellulose may be converted into mucilage. The muci- 
laginous ccll-w r all is, in its dry state, hard or horny; it can 
absorb a large quantity of water, and at the same time it increases 
greatly in volume, becoming gelatinous ; it usually turns blue w r itb 
iodine and sulphuric acid (examples, linseed and quince mucilage). 
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These modifications may occur either singly or together in the 
different layers of one cell-wall. 

Mineral \ matters are also frequently deposited during growth in 
considerable quantity in the cell-wall, particularly salts of lime and 
silica ; they are usually intercalated between the solid organic p ar- 
ticles of the cell-wall, so that they cannot be directly detected, but 
remain after burning as a skeleton which retains the form of the 
cell. Silica is present in the stems of Grasses and of Equisetacea\ 
Calcium carbonate sometimes occurs in a crystallized form (as in 
the epidermis of the Urticeac), and calcium oxalate also in well- 
defined crystals (§ 18, Fig. 34). 

§ 13. The Protoplasm consists principally of albuminous sub- 
stances (proteids), water, and a small proportion of ash constituents. 
As it is the seat of all the vital phenomena and nutritive processes 
of the cell, it must obviously contain within itself at different times 
all the other chemical constituents of the organism. Sometimes it 
appears homogeneous and transparent, but it is generally more or 
less granular in consequence of the presence of drops of oil, of 
starch grains, etc. It is of a tenacious consistence, sometimes firm, 
sometimes almost fluid, but it is never a true fluid. When the 
protoplasm encloses granules, an outer la} r er free from granules can 
be detected, which is frequently very thin; this is called the t'cio- 
plasw , the inner granular portion being known as the euduplunm. 
Frequently a part of the water which saturates it collects to form 
vacuoles; when these coalesce and the cell-sap fills the greater part 
of the cavity of the cells (Fig. 22 C s ), the protoplasm forms merely 
a layer within the cell-wall, which has been termed the primordial 
ntrirle. I jiving protoplasm will neither absorb colouring matter 
dissolved in water, nor allow its passage, but dead protoplasm has 
no power to hinder its diffusion, and even takes it up in considerable 
quantity. 

The nucleus, on account of its constitution and position, is essen- 
tially a part of the protoplasm ; it is apparently wanting in certain 
groups of lower plants (in some Fungi and Algae). It contains one 
or more much smaller bodies called nucleoli (Fig. 22 A k /r). 

The movements of the protoplasm are among the most remarkable 
of phenomena. In many cells currents may be perceived which 
flow from the nucleus outwards, towards the peripheral protoplasmic 
layer ( Circulation ) ; or the whole peripheral layer of protoplasm is 
in rapid movement along the walls of the cell (Rotniioni). Naked 
primordial cells, as for instance, swarm -spores and antherozoids, 
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swim about in the water in which they live, rotating at the samo 
time on their own axes. The so-called plasmodia of Myxoniycetes 
exhibit an amoeboid movement ; that is, the naked mass of proto- 
plasm continually changes its outline, new protrusions are tin own 
out from the central mass, whilst others are withdrawn, and it thus 
moves slowly from place to place ; at the same time a rapid motion 
of the granules within the mass is going on. 

§ 14. Crystalloids. Sometimes a part of the protoplasmic 
substance assumes a crystalline form ; bodies are formed which are 
bounded by plane surfaces and which have an angular outline, 



Fig 28.— Cells from the endosperm of 
Ricinus communis (x 800). A fresh, in 
thick glycerine, B in dilate glycerine, C 
warmed in glycerine, I) after treatment 
with alcohol and iodine : the aleurone- 
grains have been destroyed by sulphuric 
acid, the matrix remaining behind as 
a net-work. In the alenrone-grains the 
arioboid may be recognised, and in B C 
ne crystalloid. 


Fig. 29.— Cells of a very thin section through 
a cotyledon of the embryo in a ripe seed of Pisum 
sativum; the largo concentrically stratified 
grains St aro starch-grains (cut through) ; the 
small grannies a are aleurono, consisting of 
proluids ; i the intercellular spaces. 


bearing a very close resemblance to certain crystals, for the most 
part cubical, octahedral, tetrahedral, or rhomboidal (Fig. 28) ; but 
they are essentially different from true crystals, inasmuch as they 
are capable of swelling-up, that is to say, of increasing considerably 
in volume when treated with various reagents. Such crystalloids 
occur, for instance, in the tuber of tho Potato, in the alcurone- 
grains of oily seeds, in red marine Algae, etc. 

§ 15. Aleurone-grains. In oily seeds more especially, the 
protoplasm is aggregated into spherical granules of various sizes. 
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which lie in a matrix of albuminous and fatty matter. These are 
the Proteid- or Aleurone-grains. These granules consist of albu- 
minous substances, and almost always enclose other bodies (Fig. 
28 C) ; these are the above-mentioned crystalloids, and peculiar 
small round bodies, the globoids , which consist of double phosphate 
of lime and magnesia. These bodies may occur separately or together 
in the aleurone-grains, according to the kind of plant. In seeds 
which are rich in starch, the spaces between the large starch-grains 
are filled with similar but much smaller granules (Fig. 29). 

§ 16 . Chlorophyll-corpuscles. The green colour of most 
parts of plants is pro- ^ 

duccd by the presence of $ 

green granules, called 
Chlorophyll-corpuscles , in 
certain cells (Fig. 30). 

These are composed of a 3 jK j]L jk 

colourless ground- sub- ^|L jlw ^ *JyT 

stance, throughout which 

a small quantity of a All 

green colouring-matter €]f jV= 

called Chlorophyll is dis- Jf A rf 

tributed. If this colour- Sp J 

ing-matter be extracted IP ml 

by a solvent, such as al- w 

cohol, the colourless cor- j> ^ S r d 

puscle remains unaltered # #/ 

in size and form. The 

corpuscles are always im- \ 

bedded in protoplasm, and ^ 

their prmind-snbstnnee is FlG 30 -Chlorophyll-corpu^es in the protoplasm ol 
^ the cells of the prothallium of a Forn. A Optical section 

only a specialised portion of the cells; B part of a cell seen from the surface, 
of the protoplasm. The Some of the corpuscles have begun to divide. 

corpuscles do not always occur in the form of granules ; in some of 
the lower Algae the -whole of the protoplasm, with the exception of the 
ectoplasm, is coloured green; in others, the coloured part of the proto- 
plasm assumes a stellate form (Fig. 76 A), or it exists in plates (Fig. 
76 B C) or spiral bands (Fig. 40 cl). These green-coloured portions 
of the protoplasm are all included under the general term, chlorophyll- 
corpuscles. Under the influence of sunlight starch-grains are formed 
in the interior of these chlorophyll- corpuscles, which often grow so 
large that the substance of the chlorophyll-corpuscle is only discern- 
ible as an extremely delicate layer covering the contents (Fig. 31). 
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The nltimate fate of the chlorophyll-corpnscles is to be absorbed, 
as happens, for instance, in the cells of leaves before they fall, and 
nothing then remains bnt small yellow grannies. 

The green colonring-matter, the chlorophyll, is mixed, in many 
families of Algae, with other colonring- matters, and the coloured 
protoplasm appears bluish-green, olive-green, dull yellow, or red. 
Occasionally the chlorophyll itself undergoes modification and be- 
comes red or yellow, and the form of the corpuscle changes at the 
same time, as in the ripening of many fruits, which are at first 
arts green and then become yellow or 
^ W red; e.rj., the Tomato (Ly coper si cum 

JL escnlentum ). 

J fefg Closely related to the chloro- 

f phyll-corpuscles are those proto- 

plasmic bodies which are tinged 
with a yellow colouring- matter, 
6a and cause the yellow colour of 
£ GST many flowers; e.g., the Dandelion 
( Taraxacum officinalis). 

Fig. SI.— Separate Chlorophyll . cor* T , 

puscles with starchy contents from the Tn man 7 CaSeS the £ reen C ° ]oUT 
leaf of Funaria hugrometrica (650). a A of different parts of plants is dis- 

the p resence ° f otw 

in which the starchy contents flu almost colon ring"- matters wliicli are in solu- 
the whole space, /and g after maceration tiol _ in ^| le ce ll. S an, as in the leaven 
m water by which the substance of the 1 

corpuscle has been destroyed and only the of Amaranthus and of the Virginian 
starchy contents remain. (After Sachs.) Creeper at the end of the summer. 

§ 17. Starch -grains are small hard granules, usually round, 
oval, or lenticular, consisting of starch, water, and a small propor- 
tion of incombustible ash, which occur in certain cells of almost all 
plants. The tubers of the Potato, the seeds of cereal and of legu- 
minous plants are especially rich in them. They can be extracted 
by maceration from the organs in which they occur, and then ap- 
pear to the naked eye as a white powder, which is known as Starch. 
Starch belongs, like Cellulose, to the carbo-hydrates. It may be 
easily shown that each grain consists of two substances, of which 
1 he one, Granulose , can be extracted by saliva or by dilute acids, while 
the other, Starch-cellulose , remains as the skeleton of the grain. 
The former turns blue with iodine alone, the latter only after treat- 
ment with strong sulphuric acid.. When boiled with water or when 
treated with potash, the grains swell enormously and form a paste. 
The substance of the starch-grains is always disposed in layers round 
a centre, the hilum , and this disposition in layers, as in the case ol 
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cell-walls. is tlie result of the regular alternation- of dense layer** 
with more watery layers. The hilum is the most watery portion oi 
the whole grain. From their first appearance the starch-grains are 
firm, solid bodies. So long as they continue to grow, they are al- 
ways connected with the protoplasm of the cell ; it is only at a later 
stage that they lie free in C f\ ~ 

the cavity of the cell. Their 
growth does not proceed by 
tlie deposition of new layers 
upon the exterior, but by the 

intercalation of new particles ^ 

of solid matter between those 
which already exist. Besides 
the simple grains (Fig. 32 A \ | 

compound grains occur, which jy 
are formed by the develop- 
ment of new hila in an or- 
dinary grain, each with its- 
own system of layers (Fig. ilsfSl/J 
32 D). If, in such a case, the E 

external layers which enclose* _ 

the whole mass are of con- 

siderable thickness, the grain* Ilf (S) 

is said to be semi-compound 'oi) ^ 

(Fig. 32 Jj). By pressure ^wll) 

the compound grains may be 

ti • j ji • L Fig. 32. — Starch -grains from the tuber o! a 

split- up into their component D t . . OAA , * .. . 

1 * 1 Potato (x 800). A An older simple gram; J: h 

granules. The so-called spu- partially compound grain; C I) perfectly com- 

riously-eompcrand grains arc e rninS: E an 0,,,er « r " in - the 1 \ iIu ” w 

m . which has divided : a a very young gram, 6 an 

Very similar to these ; they Older grain, c a still older grain with divided 
consist of several grains which Lllum * (Copied from Sachs.) 
have become adherent in consequence of mutual pressure ; they 
occur frequently in chlorophyll-corpuscles (Fig. 31). Starch- 
grains are formed in plants to be subsequently consumed in the 
processes of growth and of nutrition ; they are frequently stored for 
a long time in certain organs, as in seeds, roots, and tubers, and 
when they are required for consumption on germination or on a 
renewal of the growth of the plant, they are absorbed. The 
forms of the starch -grains are characteristic in different kinds of 
plants; thus those of the Potato (Fig. 32) are eccentrically oval, 
those of leguminous plants (Fig. 29) concentricall} r oval, those of 
Rye, Wheat, and Barley lenticular. 
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§ 18. Crystals (see also p. 31) are frequently found in the cells 
of plants : they sometimes consist of calcium carbonate ; for example, 
the crystals in the protoplasm of Myxomycetes and the crystalline 
deposit in the cell-walls of certain Urticeoe. In these plants there is 
generally a peculiar club-shaped ingrowth of the cell- wall of certain 
cells which projects into the interior of the cell, in which the cal- 
cium carbonate is deposited: these are called GystoUths . All the 
other crystals hitherto recognised consist of calcium oxalate, which 
crystallises in two systems according to the proportion of water 
which it contains; to the one system, the quadratic, belong the 
ootahcdra (Fig. 33 /<*), to the other, the clinorhombic, belong the 
acicular crystals, which are called 7? aphides, and which occur, united 




Fjg. 31— -Crystals of cal- 
cium oxalate in the wall of 
the bast-cells of Cephalotaxus 
Fortunci ( x 000, after Solms) 


Fj«. 33.— Crystals of calcium oxalate in tlio cells of the petiole of a Begonia ( x 200). 
k Solitary cr> stals ; dr cluster. 


into large bundles, particularly in Monocotyledons. Besides well- 
formed solitary crystals, aggregations of them also frequently occur. 
These crystals are formed in the protoplasm, from which they sub- 
sequently find their way into the cell-sap (Fig. 33), as well as in the 
cell- wall, particularly in the wood of Conifers (Fig. 34) ; and also 
in Lichens, on the free outer surface of the cell- wall. 

§ 19. The cell-sap saturates the cell- wall, the protoplasm, and 
the whole organic structure of the cell ; it usually also collects in 
the interior of the protoplasm so as to form vacuoles or a single 
»arge sap-cavity. It is a w r atery solution of various substances: 
salts are never absent from it ; in certain cells of many plants (as 
the Sugar-cane, the Maple, and the Beet-root) it contains large 
quantities of cane-suear, wliich can be extracted from it. by a re- 
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fining process; in the cells of many kinds of fruits, as the grape and 
others, it contains grape-sugar. Besides these substances, tannin 
and innlin occur, as well as acids, such as malic acid in the .apple 
and other fruits, citric acid in lemons, etc. It also contains the 
col curing- matters of most red and blue flowers (Erythropliyll ano 
Anthocyanin), and of many fruits, as the cherry and elder berry, 
with many other substances. 

§ 20. The Development of /r 
Cells always takes place in such j( \ jf ')X / 

wise that the whole or part of the jf 7 ' T 
protoplasm of a cell already existing, 1 yKyW I 

the mother-call, undergoes re-arrange- f a 

ment. The following are the priii- 

cipal modes of cell-formation : fa .S \W.\ /fr 

T. Call-division. The protoplasm ~ -V ^ 

of the mother-cell separates into two j \ ^ ‘ 

or more parts, each of which consti- \ Jj 

tntes a new cell. The division of f 

the protoplasm is usually prcc(!ded , 
by that of the nucleus. Vf 


fjT'FW'i 
faX \k 


\fTsP%C'. 

.fjpmi 


Ca*cs in which tho protoplasm lias been !/” 

observed to divide before the nucleus occur f " 

in the development of the spores of An- \| . 

tboceros and of the macrospores of Isoldes. Fl0 . Ccl ,. aivWon in thc c()!lox 

Tn tli© simplest case of cell-division , ’ ,a B,< ’ m “ f < * ;«*'■ 

1 < At. « tho division has just, taken place, 

the nucleus divides into two, tile the nucleus 7c still adheres to the new 

protoplasm does the same, and a Jlt h ir - has retreated to the older 

cell-wall is formed in the plane of 

division. In other cases the secondary nuclei and their investing 
protoplasm may again divide before any cell- wall is formed. 
Finally, the formation of a cell-wall may he postponed until the 
division of the nuclei and of the protoplasm has been repeated an 
indefinite number of times. The varieties of cell-division which 
thus arise may be arranged as follows : 

1. In growing vegetative organs, a division of tlie cell takes 
place, such that the whole of its protoplasm, without any rouiuling- 
off or contraction, is divided into two parts: the new wall is formed 
between the two masses of protoplasm t wly along the plane of divi- 
sion (Fig. 35). The wall is sometimes formed simultaneously at all 
points of the plane of division, as in the development of stomata 
and sometimes, as in certain Algo?, e.g., Spirogyra, it grows as a 
ring from without inwards. 


Fir. So. - Cell-division in the co;te\ of 
tho "rowing stem of FiciVi J'nhn ( x 300'. 
At. a tho division has just taken place. 


at b it. has retreated to the older 
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2. Tlie formation of the cells which subserve reproduction (see 
§ 55) is always accompanied by a rounding-off of the protoplasm, 
which takes place either before or during the formation of the new 
wall. In this case the wall is always formed over the whole surface 
of the young cells, though this often occurs somewhat late. 

a. The whole protoplasmic contents of the mother-cell may be- 
come aggregated around four newly-formed nuclei ; this process 
occurs principally in the formation of the pollen of phanerogamous 
plants (Fig. 36), and in the formation of the spores of Mosses and 
Vascular Cryptogams. The details of this process are not the same 
in all cases. In some (development of the pollen-grains of Mono- 



Fir. Division of U.e mother roll?* of the pollen- Portion of a filament; in the lower 

grains of A Ith cea rosea. At A anti B the division of the cell the protoplasm is bcgin- 
protoplastn into four has begun ; in I) ihe in-growth ning to contract, in tho upper the 
of the membrane is fur advanced, and in JK the walls young primordial coll is escaping 
n re complete. (After Sachs.) (Z). B A swarm-spore. C The be- 

ginning of germination (x 350). 

cotyledons and of the micro^pores of Iroetes) the nucleus of the 
mother-cell divides into two, and this is followed by a corresponding 
division of the protoplasm, a cellulose wall being formed between 
the two cells. Each of these now divides in the same manner, in a 
plane at right angles to that of the first division, and thus the four 
special mother-cells are produced lying in one plane. In other 
cases (development of the pollen-grains of Dicotyledons, of the spores 
of Mosses, Ferns, and Equisetums) the nucleus of the mother-cell 
divides into two, and each of these secondary nuclei divides again 
into two, the divisions taking place in planes at right angles to each 
other and to that of the first division ; as a consequence, the four 
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nuclei do not lie in one plane, but are arranged tetrahodrally. Cell* 
walls are now formed, so that four special mother-cells are produced. 
In the case of the pollen-grains of Dicotyledons, the wall of the 
primary mother-cell thickens and grows inwards at certain points 
(Fig. 3G D) so as to constrict the protoplasm somewhat, and the 
newly-formed walls become attached to these projections. In all 



tlie zoospores to escape, beneath it a Fia. 39. — Cell-formation in the asci of Pexlza 
lateral shoot c; o the zoospores just convexula. af Successive steps in the develop, 

escaped; b the abandoned membranes mcnt of the asci and spores. (After Sachs, 
of the zoospores which have already x 650.) 
swarmed; e swnrminsj zoospores. 

(Copied from Sachs.) 

cases each of the four special mother-cells surrounds itself with a 
proper wall which becomes the coat of the pollen-grain or of the spore. 

b . The number of the nuclei derived by repeated division from the 
nucleus of the mother-cell before any cell-wall is formed is indefinite. 
Each of them becomes surrounded by a portion of the protoplasm. 
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• It is in this way that the zoospores of many Alga? and F ungi are 
formed (Fig. 38), and it is usually not until some time after their 
escape from the mother-cell that they become clothed with a cell 
wall. The spores formed in the asci and sporangia of Fungi (Fig. 
39) are also developed in this way, but in this case the cells are always 
invested by a cell- wall before they are set free from the mother-cell. 
A further example of this is to be found in the development of the 
endosperm-cells in the embryo-sacs of phanerogamous plants. 

This mode of cell-formation is known as free cell-formation, hut the sense in 
which this expression is now used is very different from Hint in which it was 
originally employed. It was supposed that, in these cases, the secondary nuclei 
were formed de noru , but recent researches have shown that they are developed 
in the manner described above. 


II. Rejuvenescence. The whole protoplasm of the mother-cell nmv 
undergo rejuvenescence, when it contracts and reconstitutes itself as 



Fig. 40. Conjugation of the cells of Spirogyra(x 400). A The cells of two filmuentB 
which are prepared for conjugation. At a the filaments have begun to swell towards each 
other. The spiral bands of chlorophyll are recognisable at cl, and the nucleus at K. At B 
the protoplasm of the cell p is fusing with that of the other p'. At C is a perfectly-formed 
Zygospore Z. 

the new protoplasmic body of a daughter-cell, which subsequently 
surrounds itself with a new membrane. It is in this manner that 
the single swarm-spores of many Alga? are formed, as in Yaucheria, 
Stigeoclonium, CEdogonium (Fig. 37), as well as the oospheres of 
Cryptogams. 

HI- Conjugation. In conjugation the protoplasmic contents of 
two or more cells coalesce to form a new cell, which acquires a 
membrane. This process occurs in a typical manner in various 
proups of Alga?, e.g., Spirogyra (Fig. 40), and of Fungi. 

1 he formation of new cells docs not therefore necessarily imply 
an increase in number ; this is the case only when division into two, 
four or many cells occurs; in the process of rejuvenescence the 
n amber is unaltered, and in conjugation it is actually diminished. 
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CHAPTER IT. 

THE TISSUES. 


§ 21. Those combinations of cells are designated Tissues which 
are governed by a common law of growth. According to their 
arrangement in space, the following combinations of cells may be 
distinguished : 

A. Filaments , where the cells are connected only by their con- 
tiguous ends, and so form a filament, e.g., many Algre, as Spirogyra 
(Fig. 40), (Edogoninm (Fig. 37), and many hairs (Fig. 62 a cl). 

13. Surfaces , when the cells form a single layer and are in contact 
in two directions of space (length and breadth), e.g., many Algae* 
and the leaves of many Mosses. 

C. Masses, when the cells are in contact on all sides 

The tissues commonly consist of cells which have originated from 
common mother-cells by their repeated division into two, and which 
hare been connected from the first in consequence of the mode of 
formation of the septa (Fig. 35). In a few special cases tissues 
are formed otherwise (spurious tissues); either cells which have 
been hitherto isolated become adherent and then continue their 
growth in common, or filaments consisting of rows of cells become 


interwoven and exhibit- a common 
growth, without however having 
become adherent in every case 
(Fig. 39 sh). 

§ 22. The Common Wall of 
cells combined into a tissue is, in the 
first instance, usually extremely thin 
and delicate, and appears under the 
strongest magnifying power as a 
simple plate (Fig. 35). As it in- 
creases in thickness a middle lamella 
asually becomes visible (Fig. 41), 
which divides the wall into two 
parts, one of which apparently be- 
longs to each of the contiguous cells. 
This middle lamella is nothing more 


Ov 


i __ys\> 

Ln 


Fig. 41 — Transverse section c * tbe 
cortical co ls of Trichomanes sj.»t tcios'i™ 
(x 600 ). Middle lamella (»><) : i i the 
cell-wall adjoining the lamella; l cell 
cavity ; t bordered-pits which meet in 
adjoining cells; the pits on each sido are 
divided by the middle lamella. 


than a specially differentiated part of t-lic wall which belongs to 
both of the cells in common. Its chemical composition, which is 


different to that of the remainder of tho wall, permits of its 
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solution (in nitric acid and chlorate of potash), so that the in- 
dividual cells may be separated. When the common wall ot smnlar 
cells is pitted, the pits on each side accurately meet (big- * /> ’ 

however, certain cells of a tissue undergo a special modification, 
as in the vessels, the unequal thickening of the membrane is 
confined to one side only of the common wall ; in the case of spira 
thickening of the cell-wall this is self-evident. 

The bordcred-pits, which are characteristic of the wood-cells of 
Conifers, demand special description. The membrane which 
separates the cavities of the pits does not lie in the centre as a 
continuation of the cell-wall, but inclines to one side or the other, 
and lies over one of the canals (Fig. 42 B s ) : there is thus a 
lenticular cavity in the wall which opens freely into one of the 
two cells, but is shut off from the other : 
the membrane is so delicate that its 
presence may easily be overlooked. *1 he 
formation of a bordered- pit is effected by 
the thickening of the cell-wall round a 
small area which remains thin (the per- 
sistent membrane), the middle lamella 
being prolonged so as to surround the 
cavity of the pit (Fig. 42 B m). 

In certain cases the septa between the 
cavities of adjacent cells become wholly 
or partly absorbed, as, for instance, oc- 
casionally the thin partition between 
bordcred-pits ; the transverse walls of 
such cells as combine to form the vessels 

a tne persistent raemnranc; m 

the middle lamella; Can earlier are wholly absorbed, if they lie at a right 

BtaKe.m section; t the com- an gi e to the long axis of the vessel (Fig. 
mencing pit (x 500, diagram). ° ° ... 

23 Cab); if they he obliquely, they are 

broken through in various ways. In a similar manner the trans- 
verse septa (and more rarely isolated areas on the longitudinal wall 
also) of the sieve- tubes (§ 25, Fig. 47 B) are perforated by closely - 
set and very fine open pits, and are then known as sieve-plates. 

The thin part of the wall which separates the pit of a vessel 
from a contiguous living cell may frequently recommence its 
growth, and protrude into the cavity of the vessel. Cells which 
thus grow into neighbouring vessels are termed tullen : they may 
subsequently undergo division so as to fill up tlie whole vessel. 
They occur commonly in wood. 



Kiq. 42 — Uordcreil-pitson the 
xoody fibres of the Pine : A seen 
from the surface ; li in section ; 
s the persistent membrane; m 



CHAPTER II. — THE TISSUES. 


§ § 23, 24.] 


43 


Suck cavities as have thus originated by the absorption of cull- 
walls and the consequent coalescence of two cells, and which con- 
tinue to be surrounded by the walls of the original cells, are com- 
monly called ct'll-fusiovs . They are usually tubular, and are formed 
by the absorption of the transverse septa throughout whole rows of 
cells. They are not unfrcquently branched, and they may anas- 
tomose. The true vessels of plants, as well as the laticiferous 
vessels, are examples of cell-fusions. 

§ 23. Intercellular Spaces are lacunae between the cells of a 
tissue. They may be formed in two ways, either by a splitting of 
the common wall of adjacent cells, or by the disorganization of 
certain cells. They 
contain either air or 
certain peculiar sub- 
stances. 

The intercellular 
spaces which contain 
air are usually formed 
in consequence of the 
splitting of the com- 
mon wall of adjacent 
cells (Fig. 43 z). They 
occur almost exolu- 

Fio. *13.— TntcreePular spares (s) betw een cells from tlie 
SlVely between the Stem of Zca Mai* (x f>50); gw the common wall. (After 

thin-walled cells of 

succulent parenchyma, and usually at the angles of junction of a 
number of cells. Sometimes these spaces — then called air-chamber x 
— attain a considerable size, so that whole masses of tissue are 
separated from each other, as in the petioles of tlie Water Lily 
and of other aquatic plants. The cells which border upon these 
cavities often throw out protuberances into them (also in Aspidium) 
which arc known as “internal hail’s.” 

The large cavities in the stems and leaves of Jnnc us and of other 
allied plants, are produced by the disorganization (?>., the drying- 
up and rupture) of considerable masses of cells : this is true also 
with reference to the cavities extending through whole internodes 
of many herbaceous stems (Grasses, Umbelliferse, Equisetacead, 
and those occurring in leaves (Leek). 

The intercellular spaces which contain certain peculiar substances 
will be treated of in § 28. 

§ 24. Forms and Systems of Tissue. There are usually 
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in plants numerous similar cells which differ from those that 
surround them, and which are combined so as to constitute a 
distinct form of tissue, characterized by those properties which the 
cells possess in common. According to 
jl | ij II ll I the form and relative position of the cells, 

I I two forms of tissue may be distinguished : 

ill I l I parenchyma (Figs. 22, 20, 33, 43), in 

J 4 I i\ i I I li 1 I which the cells are not much longer than 

, II I | f I | | M they are broad, the surfaces along which 

| |j j\ : ;| j I / ji\ * hey are 1,11 C 0 I 1 i ,ac t being relatively broad ; 

I ! 1 / 1 / / 1 prosenchyma- (Fig. 44 and section Fig. 41 ), 

i | | : ij in which the cells are much longer than 

• ^ ! ' : i I i ihey are wide, and their ends overlap. 

Fig. 41 .— Prosencbymn tou« When the walls of the cells are much 

tissue, longitudinal section (dm- thickened, the tissue is called scleren- 
gnun, magnified), the pointed . . . 

ends of the elongated cells fit in cltyvia (sec p. 58); this may be either 
between each other. pavcnchy matou s or proscnchyinatous, ac- 

cording to the form of the cells. When all the cells of a tissue have 
ceased to divide and have assumed their definite form, it is called 
permanent tissue. A tissue in which, on the contrary, the cells are 
^ still dividing, that is, that cer- 

f 1" 5? tain danghter-cells continue to 

divide and subdivide whilst the 
others are being converted into 
permanent tissue, is called a 
/ generating tissue or meristem. 

J Tlie enumeration here given 

only includes the most import- 
ant forms of tissue ; many other 
C technical terms will ho made 
f nse °f describing the tissues, 
as circumstances may require. 

& When several different tissues 
j. \ j occur in one plant, as in vascular 

/• plants in general, they are ar- 

Fio. 45.— Tlie three systems of tissue in a ranged into 8 if stems of tissues 
tross section of the petiole of Helleborus i • i n ,i r , 

(-20). . epidermis ; „ fnndame.lal ; whlch tl,Cn COm P°' SC ihe whole 
/ fibro-vftscuiar system ;« xyiem j c soft-b&st ; plant; their arrangement bears 
i bast* fib res. j n .. T i 

a definite relation to the member 

of the plant in which they occur. Three such systems of tissues 
are usually met with : (1) tlio epidermal , which covers the exterior 
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of tlie plant, and usually consists of a single layer of cells (Fig. 
45 e ) ; (2) the fibro-vascular (Fig. 45/), which traverses the bod^ 
of the plant in the form of bundles, and is characterized by the 
presence of sieve-tubes, vessels and of fibrous prosenchymatous 
cells ; and (3) the fundamental tissue , which fills up the rest of the 
space (Fig. 45 g), and consists principally of parenchyma. 

The same form of tissue may occur in various tissue-systems- 
thus both parenchyma and prosenchyma occur in all three tissue- 
systems, and there is no difficulty in recognising to which one 
they belong in each case. Certain tissues and peculiar cells — 
for instance, such as serve as receptacles for various substances, 
secretions, etc. — when they occur in the two internal tissue-systems, 
have so much in common that it may be expedient to consider them 
by themselves. 

§ 25. The Fibro-vascular System extends throughout the 
body of the higher plants in the form of strands or bands of tissue 
which are called jib ru-r oscular handles. When the cells which com- 
pose them are lignified, and are harder than those of the funda- 
mental tissue, as is usually the case, they may be easily separated 
from it ; for instance, if the leaf-stalk of the Plantain (Plant ago 
major ) be broken across, the bundles project as tolerably thick 
threads from the fundamental tissue, and by the decay of this 
tissue they may be wholly freed from it. They form the venation 
of leaves, and when the leaves decay they persist as a skeleton. 
In many water-plants, however, the tissue of the fibro-vascular 
bundles is softer than the surrounding tissues. In many cases the 
fibro-vascular bundles are so closely packed, and they become so 
strongly developed in consequence of the continued increase of their 
tissue, that very little of the fundamental tissue remains in the 
compact mass which they form. The wood of trees, including the 
bast, is an instance of such a fibro-vascular mass. 

The arrangement and the course of the fibro-vascular bundles 
are intimately connected with the morphology of the plant, and 
w ith the differentiation of its members. In most leaves the fibro- 
vascular bundles lie in those projections of tissue which are known 
as veins. In the petiole and stem, and generally in all organs 
which grow especially in length, the fibro-vascular bundles run 
longitudinally : thus a transverse section of a stem or petiole (Fig. 
45) exhibits transverse sections also of its fibro-vascular bundles 
The bundles of the leaf and stem are so closely connected that even 
at the first development of the leaf at the apex of the stem, the upper 
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end of eaeli bundle bonds outwards into a leaf, while tlio lower portion 

is continued downwards 
into the stem and 
coalesces with older 
bundles. Thus the 
fibro- vascular bundles 
traversing the stem 
may be regarded as 
being merely the lower 
portions of those which 
come from the leaves — 
as lenf-frnrcs , and the 
whole bundle is said to 
be cuinniou (/.e., to both 
leaf and stem). The 
course of these bundles 
«n the stem is very 
various ; it may in 
general be referred to 
one cf three types, 
which are, however, 
connected by interme- 
diate forms : 

(1.) The bundles 
coming from the leaves 
unite and form a single 
axial bundle, which 
runs down into the 
stem (this type occurs 
but rarely, in certain 
water-plants and a few 
Ferns). 

(2.) The bundles 



Fio. 4fi.— Diagram of the conrse or the libro-vascuhir 
bundles in steins. A Longitudinal section through the 
axis of a Palm-stem, showing u transverse section of half 
of it. The leaves (cut off above the insertion) are hypothe- 
tically conceived of ns distichous and amplexicaul, find so 
are seen on both sides of the stem, ml m2 m3 being the 
median line of each. B Outside view nnd transverse 
section of Cerastiurn (hypothetically transparent to show 
the internal bundles). The decussate leaves are cut off. 
The bundle proceeding from each leaf divides into two 
above the leaf immediately below it, and the branches of 
all the bundles unite to form the four thin bundles which 
alternate in the section with the thicker ones. In the 
section, m is the pith, r the cortex, v the medullary ray. 
The X3'lcm in the fibro- vascular bundles is indicated by 
shading. 


coming from each leaf 
are numerous : on entering the stem side by side, they tend towards 
the middle of the stem ; then they bend outwards and thin out 
gradually as they descend, coalescing at a point much lower down 
(Fig. 4*6 A). In the transverse section of such a stem, the fibro- 
vascular bundles appear irregularly arranged ; those nearest the 
centre are the thickest. This arrangement prevails among the 
Monocotyledons, particularly the Palms. 
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(3.) The bundles of each leaf, which are less numerous than in 
fhe foregoing type, bend downwards soon after they have entered 
the stem, and run down the stem parallel to each other at about an 
equal distance from the axis, branching and anastomosing par- 
ticularly at the nodes (Fig. 46 B). The transverse section of 
such a stem exhibits the bundles arranged in a circle more or 
less nearly concentric with the circumference, and dividing the 
fundamental tissue into two portions : the inner, included within 
the circle of fibro- vascular bundles, is the pith or medulla (Fig. 
46 B in ) ; and the outer, lying between this circle and the epidermis, 
the cortex (Fig. 46 B r). Those portions of the fundamental tissue 
which lie between the fibro- vascular bundles in the circle, and 
which therefore connect the pith and the cortex, are called the 
•medullar]) rays. This arrangement occurs principally in Dicoty- 
ledons and Gymnosperms. 

Bundles 'which belong exclusively to the stem are termed cauline 
bundles; they are such bundles as cannot be regarded as direct 
prolongations of those of the leaves. They are present in the 
Ferns and the Rhi/.oearps, in the Lycopodieae, and in Selnginella; 
but they occur only rarely in Phanerogams, and then in aquatic 
plants, such as Hippuris, Callitriche, Myriophyllum, Elodea, 
Naias. 

Roots differ so widely from stems and leaves in the structure 
and arrangement of their fibro- vascular bundles, that the con- 
sideration of them must be postponed for the present. 

A well-developed fibro- vascular bundle consists of fwo kinds of 
permanent tissue: the Xylan or Wood and the Phloem or Bast . 
Excepting when special circumstances give rise to other conditions, 
the walls of the wood-cells tend to become lignified and their 
cavities to be filled with air: these cells constitute the firm but 
brittle portion of the bundle. In the phloem there is a tendency 
to the formation of softer and more flexible cell-walls, which are 
but slightly lignified, and the cells retain their sap. Those fibro- 
vascular bundles which consist only of these two forms of tissue 
are incapable of any further growth, and are said to be closed ; 
whereas those which possess in addition a layer of generating-tissue 
(meristem), the Cambium, throughout their whole length, which, 
by the active growth and division of its cells, increases the bulk 
of the xylem and of the phloem between which it lies, are said 
to be open. 

The xylem (wood) of a fibro-vaseular bundle (so long as it 
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has not been added to by tlio activity of the cambium) consists of 
the three- following elements : 

(1.) True vessels ( tracheae , duels) : they are formed from rows of 
superimposed cells, the transverse walls of which have been more 
or less absorbed. According to the mode in which their longi- 



47. A. Transverse section of an open fibro-vascnlnr bundle in the glem of the 
Sunflower. M Pith. X Xylem. C Cambium. P Phloem. 11 Cortex; 8 H.nall, and «' large 
spiral vessels ; t pitted zessels; V pitted vessels in courso of formation; h wood-fibres • at 
sieve-tubes ; b bast-fibres ; e bundle-sheath ; ic inter-fascicular enmbium. li Radial voi Jcai 
section through a similar bundle (somewhat simplified) lettered like Llie former. 

tudinal walls have been thickened, they are distinguished as spiral, 
reticulate, annular, scalariforrn, or pitted vessels (Fig. 47 B s s' and 
hig. 25 s) (hig. 47 B i t and Fig. 23 C) : their con fonts are air or 
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(2,) Much lengthened, narrow, prosenchymatous cells ; the wood' 
cells or fibres (Fig. 47 B h and Fig. 23 j B). 

(3.) Parenchymatous cells, forming the wood-parenchyma, and 
still containing protoplasm ; frequently they are wanting. 

The bast in like manner consists of : 



Fig. 48. — Transverse section of a closed fibre- vascular bundle from the stem of Zea Matt 
(x 660): a outer, i inner side with reference to the axis of the stem; )> pm enchymatoua 
ground-tissue; g g two large pitted vessels; s spiral vessel; r ring of an annular vessel; 
l air-space formed by rupture, surrounded by thin-walled wood-cells. Between the two 
vessels g g lie smaller reticulated vessels and vessels with bordered-pits. These elements 
constitute the xylem: the phloem is composed of soft bast, v. The whole bundle is sur- 
rounded by a sheath of tliick-walled, lignilied, proseuchymatous cells belonging to the 
^round-tissue. (After Sachs.) 

(1.) Vascular elements, the sieve-tubes , which have thin side- 
walls, but thick transverse septa, perforated by closely-set, open 
canals ; they are filled with albuminous substances (Fig. 47 B sb). 

E 





each other, the woody fibres, and the parenchyma cells, is ex- 
tremely various ; those shown in Figs. 47 and 48 are only some 
examples. The innermost annular and spiral vessels are the lirst 
formed in each fibro-vascular bundle, and already exist before the 
contiguous portion of the stem lias attained its definitive length; 
they grow with its growth, and, since they cannot undergo any 
further transverse division like the other elements of the bundle 
which are as yet undifferentiated, they consist of the longest cells. 
In the phloem the bast-fibres usually lie nearest to the periphery, 
and the sieve-tubes, which are generally conspicuous by their larger 
apertures (in transverse section), are scattered in the soft bast 
(Figs. 47 and 48). 
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The following deviations from this, which is the commonest ar- 
rangement (the collateral ) of the phloem and xylem, as well as of 
their constitnents, may be mentioned: 

In many plants, e.g. f Gourds and Lycium, a second layer of 
phloem is found within the xylem : in most Ferns the phloem com- 
pletely encloses the xylem, forming a ring (concentric arrangement ), 
and several groups of spiral vessels lie within the xylem, from 
which the development of the xylem 

proceeds. p, \ k b 

The fibro- vascular bundles of the h 
root differ most widely from the 
structure above described. It is, in 
fact, impossible to speak of separate 
bundles in the root ; a cylindrical mass 
of libro- vascular bundles, sometimes 
hollow and containing a pith, occupies 
the axis of the root (Fig. 20). In 

this, several xylem bundles are regu- , 

iarly distributed (Fig. 40 A g), and 
alternating radially with them lie an 
equal number of phloem bundles (Fig. ^ 

49 A b). In Dicotyledons the number <r t b \ 

of these bundles is small, usually 2, 3, /\ (/ \ 

or 4, rarely 5 to 8; in me Monoeoty- J 

ledons it is usually larger. In each \ 7 , 1 

xylem bundle the spiral vessels, which pr s' 

are Jiere the oldest constituents, lie _ 4 . „ 

Fra. 49 .— A Transverse section of * 

nearest to the periphery. The ex- younj? root, of pwo/ms muitijforus\ 
ternal layer of the libro- vascular l^coruottiiiuHiamentoi tissue ; m pith; 

v x fibro- vascular evlinder; g primary 

cylinder is known as the pericambin.ni, xylera bundles; \ primary phloem 

and remains for a long period capable kindles, v Trans verso section of an 
. / . rm older root of the same plant, which 

Of development and glOVVtll. Ihe increasing in thickness, V seennd- 

rudiments of the lateral roots are ary lmst ; k cork— slightly magnified, 
usually formed from this pericain- (Atter S,lCll! *'' , 
bium in Phanerogams, exactly opposite to the xylem bundles 
(except in Grasses and Umbellifers), but in Cryptogams (except 
Eqnise turn) from cells of the endodermis ; thus, irrespectively of 
the adventitious roots which are formed later, there are as many 
rows of lateral roots on a main root as there are xylem bundles 
in the fibro- vascular mass. The lateral roots, in the course of 
their development, have to penetrate the cortex of the mother-root 


Fra. 49 . — A Transverse section of a 
ex- younff root of Phast'olus multijlorus \ 


The Growth in Thickness <»f tin* stem nnd roots k 
vffivted in most Ovinnosporms ami lHcotylnlon.s Ty tin* continuous 
activity of the cambium of their open bundles. These are arranged 
in a circle in a transverse section of the stew (1 'ig. « r >0 -l) : the com- 
mencenicut of growth in thickness is preceded by tangential divisions 
in the fundamental tissue (Fig. 4? A u') which lies between the 
bundles; this gives rise to cambium which becomes continuous 
with that of the fibre-vascular bundles. A closed hollow cylinder is 
thus formed, which appears, in a transverse section, as a ring, the 
cambium-ring (Fig. 50 B c) completely separating the pith from 
the cortex; it consists of two portions corresponding to its mode of 



Fio. CO. — Diagrammatic transverse sections of a stem 
which grows in thickness. A Very young: there are five 
isolated bundles ; m pith ; r cortex ; l>' primary bast ; 
h 1 primary wood; c cambium. B After growth in thick- 
ness has commenced: h a secondary wood; b 2 secondary 


origin ; fascicular cam- 
bium , -i.e.y the cambium 
belonging to the fibro- 
vascular bundles, and 
the inter -fascicular cam- 
bium , i.e.j that which is 
formed between the 
bundles in the primary 
medullary rays. 

A cambium - ring is 
likewise formed in 


bast. 


roots which increase in 


thickness ; the cells which lie between the individual xylem-bundles 
and internally to each phloem-bundle are transformed into cam- 
bium-cells by division, and the separate groups of these cells be- 
come connected externally to the xylem-bundles. Thus a ring is 
formed which lies outside the primary xylem-bundles and inside 
the primary pliloem-bundles (Fig. 49 B). 

The cells of the cambium -ring, in the stem and root alike, con- 
stantly undergo both tangential and radial division, so that the 
number of the cells increases in the radial direction as well as in 
the circumferential : the growth of these cells produces an exten- 
sion of the organ in both these directions. Of the cells thus 
formed, those lying on the inner side of the cambium arc trans- 
formed into the elements of the wood (Fig. 50 JJ A 2 ), those on the 
outer side, into the elements of the bast, while the cells of the 
intermediate zone continue to be capable of dividing. The activity 
of the cambium thus gives rise to secondary wood and secondary 
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bast, as distinguished from the primary constituents of the bundle, 
which existed previously to, and independently of, the activity of 
the cambium. The primary wood of the bundle is thus the inner- 
most part of it, and usually projects into the pith, particularly 
when the primary bundles lie rather far apart; it then consti- 
tutes what is termed the' medullary shealh 
(Fig. 50 B h l and 52 m s ). 

The elements composing- the secondary 
wood correspond in general with those of 
the primary xylem, but they present certain 
peculiarities. First of all it may be ob- 
served that they are arranged in radial lines, 
at any rate in the first instance, because all 
the elements which have originated from a 
single cambium-cell lie on one radius. The 
cambium-cells arc of an elongated form, and 
are disposed somewhat proscnchymatously 
in such a way that their oblique septa are 
distinctly visible only in a tangential section, 
that is, in profile (Fig. 51 A). It is by the 
transformation of their daughter-cells, which 
exactly resemble the cambium-cells, that 
the different cells which compose the se- 
condary wood and bast are formed. The 
secondary wood of trees consists of the fol- 
lowing elements : 

(i.) Of r«« els, which are usually provided 
with pits (frequently bordered-pits) on their 
longitudinal walls; their diameter is greater 
than that of the other elements, their con- 
stituent cells arc usually of the same length FlQ Cnmimira-cdis 

° seen in a tiuipential section, 
as the cambium-cells. The transverse walls B Trache'ide seen from out- 

are either wholly absorbed, or only perfo- 8lde - c Llbnform fibre ; and 

1 . , , . , / r . D ft proup of cells from the 

rated. In some wood, as that or the Juime, wood-parenchyma seen in sec- 

delicate spiral thickenings are found in ad- tion * from the Oak; isolated 

dition to the pits on the longitudinal walls : by maceratloa » 

they can be distinguished from true spiral vessels by the delicacy 

of their structure and by the fact that injury does not cause a 

separation of the spiral thickening from the wall. 

(2.) Of wood-fibres which are much elongated, almost always 
longer than the cambium-cells, and their transverse septa are more 
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and vertical directions. These mednllary rays, like the constituents 
of the wood, are developed from the cambium both towards the 



Fig. G4. — D iti grain Tnntir: represen- 
tation of the course of the mednllary 
rays ; a segment cut out of the wood : 
Q Horizontal surface. Radial sur- 
face. T Tangential (external) sur- 
face of the wood; the shaded por- 
tions are the medullary rays. 


centre and towards the circumference, 
so that each mednllary ray runs from 
the wood through the cambium into 
the hast. When once a group of cam- 
bium-cells has begun to produce a me- 
dullary ray, it continues to do so, and 
the greater the circumference attained 
by the wood, the greater is the number 
of the points at which the formation of 
medullary rays begins in the cambium, 
and the greater the number of medullary 
rays which penetrate the wood. Those 


medullary rays which extend inwards to the pith and outwards to 
the primary cortex, those, namely, which existed at the beginning 
of the thickening of the stem, are termed primary. These increase 
radially, in some plants by means of the whole of the inter-fas- 
cicular cambium, e.g. 9 in the Clematis; in others, on the contrary, 
by means of isolated portions of the inter- fascicular cambium, e.r/., 
in the Hornbeam. Secondary medullary rays arc such as are 
formed at a later stage, and do not therefore extend to the pith, but 
end blindly in the wood. When the medullary rays, or at any rate 
some of them, are large, they are easily detected by the naked eye, 
as in the wood of the Beech and Oak. 


The wood of many large timber trees frequently exhibits a strik- 
ing difference between the older internal portion of the wood, the 
heart-wood ( duramen ), and the younger outer portion known as the 
sap-wood ( alburnum ). This arises from changes undergone in the 
course of years by the mature wood. The altered hearts wood 
always contains less water, has no starch in its parenchymatous 
cells, and is often darker in colour, e.g the Pine, Larch, and 
Oak. 


The secondary hast formed from the cambium never attains so 
considerable a size as the wood; it consists of sieve-tubes, bast- 
fibres, and parenchymatous cells in varying order, very rarely 
showing any regularity ; sometimes the bast fibres are in layers, so 
that they can be removed in large connected sheets, as in the Lime. 
The formation of annual rings does not take place. The medullary 
rays, as mentioned above, traverse the bast to an extent corre- 
sponding to their development in the wood. In many trees the cells 
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of the medullary rays, and other cells also, in the bast, become 
sclcrenchymatous ; for instance, in the Beech, where they project 
from the surface of the dry cortex which is in contact with the 
cambium, in the form of sharp teeth. As the cambium-ring is 
constantly increasing in circumference, the bast which surrounds it 
necessarily experiences considerable tension, particularly in the 
outer portion. This tension naturally affects chiefly the paren- 
chymatous elements which are still capable of growth while the 
bast-fibres are no longer capable of any modification ; hence the 
medullary rays are often seen to be much expanded towards the 
circumference (Fig. 52 pa). 

The tissues lying externally to fhecamhium are generally spoken 
of collectively as “ cortex ” ; it will be well, therefore, to designate 
the bast which has been formed by T the cambium as secondary cortex, 
in order to distinguish it from the primary cortex which lies exter- 
nally to it and belongs to the fundamental tissue. The cells of 
the cambium-ring are rich in protoplasm and tear very readily, 
especially when they are actively growing and dividing ; conse- 
quently the “cortex ” can be easily stripped from the wood. 

Many wood}'- plants, of which, hoAvever, only a few are indi- 
genous to this part of the world, depart from the general type here 
described both in the origin and in the mode of growth of their 
cambium-ring. The aboreseent Liliacem (Yucca and Dracnena) 
may be mentioned as being the only Monocotyledons of which the 
stems increase in thickness. As the fibro-vaseular bundles are all 
closed, there is no cambium, and the increase in circumference is 
possible only by a new formation, in a zone of the fundamental 
tissue, both of isolated, closed, fibro-vaseular bundles and of fresh 
fundamental tissue. 

§ 27. The term Fundamental Tissue (ground-tissue) includes 
all the mass of tissue which docs not form part of the tibro-vascular 
bundles or of the epidermis (Fig. 24 <j). Various forms of cells 
and of tissues occur in it, and those parts of it in particular which 
lie in immediate contact with other tissue-systems are frequently 
remarkable for peculiarities of structure. 

Those specially modified forms of fundamental tissue which occur 
in close connection with the epidermis are included under the term 
Ilypoderma. One form frequently occurs in the stems and leaf- 
stalks of dicotyledonous plants which is known as Gollenchyma 
(Fig. 55 cl), a tissue, the cells of which are narrow and elongated, 
with their walls thickened along the lines of contact, and capable of 
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swclling-up considerably. In other eases the elements of the hypo- 
derma are fibrous and sclercnchym atous, as in the leaves of Conifers. 

_ _ __ _ Bundle - sheath (Endodermis). 

"V "'V This name has been given to the 

II /j v single layer of cells (belonging to 

^P' V the fundamental tissue) which 

v c * A forms a common investment to 

the tibro-' vascular bundles in the 
Jr ^7 stems of plants having an axial 

)^\/7y n fibro- vascular cylinder, such as 
ft Hippuris and other aquatic plants, 

^ j/ as well as in those of many with 

! cl a normal arrangement of the 

)/ p bundles, such as certain Primu- 

C V Jf lacere, Composite, Cyperaeese, and 

F,o. fS.-Trn^verse Section of the lea'. 80me s P ecios of Equisctum. In 
unlit of » iit-Konm: Epidermis (<) aud t.lie stems of most Ferns and some 

collencliyma (cl) ; the epidcnnis-cclls aro Equisetmns as weI ] as in t he 
uniformly thickened on the outer wall y 

wliere they adjoin the collencliyma, but are petioles and stems of SOllie few 
thickened like the collencliyma at the angles phanerogams, each of the isolated 
where three cells meet; these thickenings ° 

have great capacity for swelling; chi chlo- nbrO- vascular bundles IS SUr- 


rophy 11-corpuscles; p parenchyma-cell; c rounded by a sheath (Fig. 47 e). 
cuticle ( x 660). (After Sachs.) T . . ... . 

It is invariably present in roots. 
The walls of these cells which are in contact are usually folded in 
a peculiar manner and are cuticularised. 

c0 term is applied to such 

JmlaBSBBfm coiis ° f thc fundamcntai 

Si tisme as surround fibro - 

5|| $ 8® ! vascular bundles and 

liave undergone special 
modification. The closed 
bundles of Grasses (Fig. 
48) and of many Monoco- 
tyledons are surrounded 
by an investment consist- 
ing of several layers of 
Fig. Transverse action of a Beech Leaf ( x 360): prosdnchvmatou* cells. 
to epidermis of the upper surface ; eu epidermis of the " 

under surface; pa pallisade parenchyma; sp spongy The rest of the funda- 
parenchyma. mental tissue, the com- 

plementary tissue, consists (with the exception of the prosenchyma- 





§ 27 .] 


CHAPTER II. — THE TISSUES. 


59 


toils ground -tissue in the stems of Lycopodiacem, etc.) of thin-walled 
succulent parenchyma with intercellular spaces : the cells may con- 
tain chlorophyll-corpuscles, as in the case of leaves and of the 
cortex of stems, or the tissue may be colourless, as in the interior 
of succulent stems, in roots, and in juicy fruits. 

chyrna of the under sur- 

formed of cells which arc * 1 " 

irregularly arranged, and jJL I B J 
are separated by large 

intercellular spaces (Fig. JjTy;- , ^ 

The cells of the pith of 

woody ])lants generally ^ 

all die, as in Sambucus if"*" ii.t( X. 

(Kid or), or at any rate Pro. 57 — UnticiferonR rebels In Hie phlnPm of Scot- 

most of them do so. *”«**“ A 

fled. B A small portion highly magnified. (Alter 

Sclereuchy in aton* cells Sachs.) 

occur in the most different parts of the fundamental tissue ; they 
may be isolated, as, for instance, in the flesh of Fears and in the 
cortical parenchyma of many trees, or united to form a considerable 
mass of sclerenchymatous tissue, as in the shell of many fruits, as 
the hazel-nut, and the stone of others, as the plum. 
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§ 28. Interna I Receptacles for Secretions. In the fibro- 
vnscuhir system, as well as in the fundamental tissue, besides the 
forms of tissue hitherto described, there are found other structures 
which serve to secrete and to transmit certain substances which do 
not occur throughout the plant: these structures traverse both the 
\wten\a\ tissue -systems, so they cannot be regarded as belonging 
especially to either, but must be considered separately. According 
to their mode of origin, these receptacles may be cither isolated 
closed cells containing nothing hut the matter secreted , or they may 
be vascular structures, formed by the fusion of elongated cells by 
the absorption of their walls ; or, again, they may be intercellular 
spaces, cavities filled with secretion which have been formed either 
by the absorption of a mass of tissue (lysigenous) or by the separa- 
tion from each other of uninjured cells (schizoyenons') (see § 23). 
They may be arranged in the following order, according to the 
nature of the secretion : 

(1.) Crystals or clusters of crystals are frequently found in certain 
cells, particularly in the fundamental tissue of Monocotyledons and 
in the bast of many trees. 

(2.) Cells filled with mucilage occur ir? the Malvaceae, in the cortex 
of the Elm and Firs, in the tubers of the Orchideae ; mucilage also 
occurs in lysigenous intercellular spaces in the Cacteao; cherry-gum, 
which is formed by a gradual transformation of groups of cells, must 
be included here. 

(3.) The milky juice (latex) which flows from many plants when 
they are cut, derives its milky appearance from minute solid particles 
which are suspended in watery fluid, constituting a sort of emulsion ; 
the milky juice frequently contains caoutchouc, sometimes, as in 
Chelidonium, it is yellow. This milky juice is found in different 
vessels in the different families of plants. 

(a.) In the Cichoriaceao (as the Dandelion and Scorzonera), the 
Papaveracece, and Campanulacea?, it is contained in the laticiferons 
vessels ; they are straight or branched, anastomosing rows of cells, 
the transverse walls of which are absorbed or perforated (Fig. 57). 

(5.) In the Euphorbiaceee ( e.g ., the Spurges), the Urticacere, and 
Asclepiadea?, the milky juice is contained in closed cells, which are 
much branched and extend throughout the whole plant. These lati- 
ciferous cells are already present in the embryo, while it still consists 
of only a few cells, and they grow with its growth without under- 
going any division. 

(c.) The milky juice is contained in cells of small dimensions, 
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which are not unfrequently arranged in rows ; this is the case in 
the Maple, in Sambncus (Elder), where these cells are visible as red 
lines at the circumference of the dried-up pith, in the Convolvulaceae, 
where the milky juice contains much resin, in lsunandra Gulta y of 
which the inspissated milky juice forms Gutta perch a. 

All these forms of laticiferous vessels occur principally in the cortex 
and phloem, but they sometimes occur also on the inner side of the 
fibro- vascular bundles of the plants in question. A great number 
of very important products, valuable in medicine and the industrial 
arts, are derived from the latex : thus Caoutchouc (India rubber) is 
the dried milky juice of Stphouia elastica , one of the Eupliorbiacenp, 
and Opium is the milky juice of the unripe capsules of the Poppy, 
Vapacer sow n ijeruni. 




Fio. 68.— Oil-cavity helow the upper 
surface of the leaf of Victamnus Fraa'C- 
nclla ( x 820). B At an early stngc : C 
mature; c mother-cells of the cavity be- 
fore their absorption ; o a large drop of 
ethereal oil. (After Sachs.) 

Fro. 69. — ‘Resin-pasRagCR in the young 


£ 



of the Ivy [Jlcdera JMu), transverse section 


( x 800). A An early, E a Inter stage ; g the resin-passage ; c the cambium ; ul the soft bast; 
b bast-fibres ; rp cortical parenchyma. (After Sachs.) 


(4.) Resins and ethereal oils , not unfrequently combined, occur: 
(a.) In cells, in the Laurineae, e.rj., Camphor ; in the Zingiberneea^ 
Acorus, and other plants ; the solitary resin-cebs in the wood of the 
Silver Fir may be mentioned here. 

( b .) In intercellular spaces t which may be of lysigenous origin and 
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are then usually of a spherical form ; these were formerly de- 
signated glands (Fig. 58). The oil of the Citron, Orange, Rutacoce, 
Myrtaeeie, is contained in such cavities, as well as that of the leaves 
of Hypericum, which present in consequence a number of trans- 
parent spots. 

The other intercellular spaces whicn contain oil or resin are of 
schizogenuus origin ; that is, they are formed by the separation from 
each other of certain cells surrounding the intercellular space 
(which is usually elongated in form), and differing from the rest 
of the 1 issues in their arrangement and mode of division (Fig. 59). 
To these belong the oil cavities which traverse the primary cortex 
and phloem of the Composite, and the gum -resin-ducts of the 
Umbellifera 1 and their allies, in. which the resin is mixed with 
gum : also the rosin-ducts of tho Terebinth acea?, Simarubea?, and 
Conifers?, which contain a Balsam, i.e., a solution of resin in an 
ethereal oil. In the Coniform (among which resin is wholly absent 
from one genus only, namely Taxns), they are found in the leaves, 
the arrangement varying with the species, and they pass from them 
into the primary cortex; they also run longitudinally through the 
wood and transversely in the larger medullary rays. Lysigenous 
resin-receptacles of a spherical form are formed secondarily in 
several species, e.g., the Larch, in the primary and secondary 
cortex. 

§ 29. The Epidermis. Ill the lowest forms of plants the 
epidermal system is not sharply defined from the fundamental 
tissue, and is, properly speaking, only the outermost layer of that 
tissue. In the higher plaxits there is usually a true epidermis (Fig. 
45 c) ; this envelopes most annual plants, and generally consists of 
a single layer of cells, which are in close juxtaposition (with the 
exception of the stomata) without any intercellular spaces : it 
may be easily stripped off from certain parts of many plants (e.g., 
the scales of the Onion and the leaves of Begonia) as a thin trans- 
parent membrane. In some special cases, e.g., the leaves of Ficus 
and Peperomia, the primitively single layer of the epidermis divides 
into two or more layers, of which the outer layer alone lias the 
appearance of a true epidermis. Sometimes the cells of the epi- 
dermis differ very slightly from those of the internal tissue, as in 
the roots and leaves of many water-plants hut the difference 
between the epidermis and the tissues which lie beneath it, in the 
case of the stems and leaves of terrestrial plants, is well marked, 
and the epidermis is usually further distinguished by certain pecu- 
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liar structures, such as stomata and hairs. The epidermal cells bat 
seldom contain chlorophyll, but, on the other hand, they often con- 
tain other colouring-matters in solution. In those parts of plants 
which grow to a considerable length, their form is usually elongated ; 

in broad leaves it is commonly ^ 

tabular. The side walls have // \ V 

very frequently an undulating j jj[ p ill p \ 

outline, so that the adjoining [( III p )) 

cells fit into each other. The 

external wall is usually much \/ \ !/ ^ " 

more thickened than the other j £ I (§1^!) Py'N I e 

walls; its outermost layer is 

always cuticularised, and is ^ 

called the cuticle ; it is clearly 

_ Fig. GO.— Epidermis (e) with a stoma (S) from 

defined from the inner layers, a cross section of a leaf of lbjacinlhns orum Id i.i 
which are also more or less (* 80U ) : V parenchyma of the fundamental 
cuticularised (Fig. GO), and it ussue * * w* air-cavity. 
extends continuously over the whole of the epidermis. It has a 
tendency to form thickenings projecting outwards from the surface. 
Particles of wax are included in the cuticle of many terrestrial 
plants which protect their surface from being wetted by water. 
This wax often appears on the sz 

surface in the form of small jl / 

granules, rods, or flakes, and \{ 

then forms a bluish bloom, which -JU; s 

is easily wiped oil, or sometimes "yi ^ \ !i 

a considerable mass, as in the r j Jfj £j| " t , 

fruits of Myrica eerijera and tho L V ? j • 

trunks of some Palms ( Ceratuxy - \ ^ 

Ion andicola and Klupstuclcia ceri~ 

/era). \ f \ 

The Stomata are organs which V ■■ 

here and there interrupt the con- \ '' 

v 

tinuity of the epidermis and per- . 

mit communication between the fjg. ei .-stoma of a leaf of Comwrfma 

air contained in the intercellular cvrUsti*, surface view 3oo): sp opemug; 

, , -i i 8* the tvvw guard-cells 

spaces and m the vessels, ami the 

external atmosphere. Each stoma consists of two peculiarly modi* 
tied epidermal cells called yuard-ccih ; these, when seen from the 
surface, appear usually of a half- moon shape (Fig. (31 nz) and sur- 
round the opening of the stoma. Tliis leads to the air -cavity (big* 
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60 t), a large intercellular space between the epidermis and the 
underlying tissue, which communicates with the other intercellular 
spaces. The whole stoma originates thus : a young epidermis-cell 
divides into two, the two guard-cells ; these are separated by a 
septum, which is at first simple, but which subsequently splits. 
The size of the opening may be increased or diminished by the 
action of external influences, and this is effected by changes in the 
form of the guard-cells. Stomata are found on almost all parts 
of terrestrial plants which are above the ground, and are par- 
ticularly abundant on leaves (as many as 000 to the square milli- 
metre) , they are usually wanting in submerged organs, and are 
always absent from roots. 

Tlnirs are products of the epidermis, and arc generally formed by 
the outgrowth of single epidermal cells. They may remain unicellu- 
lar, as in the case of the root- 
hairs which form the velvety 
covering of young roots, and of 
the hairs on the outer coat 
(testa) of the seed of Gassy pium, 
|t; which constitute Cot ton ; or they 

may undergo division so that 
they consist of a row of cells 
( Fig. 02 */, (/ ) ; or again, the out- 
growth from the epidermal ceil 
may undergo divisions in two or 
more directions, in consequence 
of which either a layer of cells is 
found, as in the case of the scales 
(r amenta) on the leaves of Ferns, 
or a mass of cells, as in the case 
of the stiff hairs on the fruits of 
Thistles and similar plants. If 
a mass of cells be formed at the 
apex of a hair, or if the cells 

Fjg. G2.— Hairs on a young ovary of Cucur- 

bita (x loo); b glandular hair; c e j early near the apex are much larger 
stages of development. than the rest, it is called a glan- 

dular hair (Fig. 02 l ). In many cases the contents of the hair-cells 
disappear at an early stage, as in Cotton, and are replaced by air. 
Sometimes the membrane becomes greatly thickened, and often 
contains deposits of considerable quantities of lime and silica. The 
stinging hairs of Nettles and other plants secrete an acrid fluid 
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which, as their points break very easily, enters the object touching 
them. 


The Glands, the secreting organs of the epidermis, are peculiar in 
that the secretion (which is usually of a sticky nature) makes its 
appearance in the substance of the cell-wall under the cuticle : it 
causes the cuticle to separate from the remainder of the cell-wall, 
and finally ruptures it. Secretion takes place frequently over the 
general surface of the epidermis, as in young twigs of the Birch, 01 
over certain circumscribed areas of it, as the teeth of the leaves of 
Prunus, Salix, and other plants, and the nectaries of flowers, or at 
the apex of glandular hairs, as in Primula sinensis : the colleter a 
which clothe the young organs in the winter-buds of trees, and 
which cover the unfolding leaves with their secretion, are also 
glandular hairs of this kind. Digestive glands, which secrete a 
fluid capable of dissolving various foreign bodies, are peculiar to 
certain plants ; they are found in the “ tentacles ” of Drosera, etc 


(Fig. 72). 

In those parts of 
plants which grow in 
thickness, such as the 
stems and branches 
of trees, the tubers 
of the Potato, and 
napiform roots, the 
epidermis is usually 
unable to keep pace 
with the increase of 
the circumference, 
and it ruptures : a 
new protective tissue 
is usually formed 
from the cortical 



fundamental tissue, Fjg 03.— Cork of one-year’s shoot of Ailanthus glaudulom 
which is termed the (trans. sect. X 350); e the dead epidermis, k cork crlls, ihj 


Cork or 


Periderm 


inner layers meristomatic (phellogen) ; r primary cortex. 


This consists of tabular cells arranged in rows perpendicularly tc 
the circumference of the organ: their walls are converted into cork, 
and are scarcely permeable to water : they usually contain nothin- 
but air (Fig. G3 h). The cork-cells are formed by tangential divi- 
sions taking place in the cells of a special meristem, the Phellogen , 
and lie externally to it : frequently parenchymatous cells containing 
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chlorophyll are formed in a similar manner from the phellogen, and 
lie internally to it : these are known as Thellodevm. 

A formation of cork is wholly absent in only a very few woody 
plants, as the Mistletoe and a species of Maple (Acer Pennsylvania 
cum ) ; in Enonymus it occurs only in branches of several years* 
growth. It usually takes place in one-year’s shoots towards the 
end of summer, so that their originally green colour is changed to 
brown. This periderm, which serves as a substitute for the decay- 
ing epidermis, and which may be termed 'primary , is usually formed 
in the outermost layer of the cortex in immediate contact with the 
epidermis; in rare cases the epidermis itself is transformed into 
phellogen (in Salix and the Pomaceoe), or the phellogen originates 
in a more internal layer of the cortex (Leguminosoe, Larch, Ribes), 
or even in the phloem (as in the Grape-Vine). In consequence of 
the impenetrability to water which is characteristic of the cork- 
cells, all the tissues outside the periderm necessarily dry up, and 
these dried-up tissues, which may belong to different tissue- systems 
and include the most various forms of cells, constitute what is 
known as Baric. In roots the primary periderm is always formed 
in the pericambium ; consequently the whole of the cortex, which 
is often of great thickness, is transformed into bark and is thrown 
off (compare Fig. 4 9 2?). 

When the primary periderm originates in the outer layers of the 
cortex (or in the epidermis), it forms for many successive years the 
external investment of the branch ; it may attain considerable thick- 
ness, as in the Cork-oak, and at the same time exhibit an alternation 
of dense and loose layers (*\f/., the Birch, in which the layers maybe 
peeled off in thin white sheets); sometimes (as in Acer campestre and 
the Cork-elm) it forms wing-like projections from the angles of the 
branches. In a few trees, as the Silver Fir, this primary periderm 
persists for some years, or, as in the Beech, during the whole life of 
the tree ; the outer cork-cells split off as the trunk of the tree in- 
creases in thickness, while the phellogen, growing and extending in 
a tangential direction, gives rise to new layers. In most cases, after 
a few years, new secondary layers of periderm are formed in the 
deeper layers of tissue, causing, naturally, the production of a very 
considerable bark. If the new secondary layers of periderm occupy 
only a part of the circumference, and their margins are in contact 
with the periderm which has been previously formed, a scaly bark 
is formed, that is, isolated patches of tissue are transformed into 
bark. This bark is stretched and torn by the increasing size of the 
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trunk, and the scales of it may be shed, as is the case in the Plane, 
or they may adhere one upon the other, as in the Pines and Larches, 
or remain connected by the bast- fibres in long’ strips, as in liobinia. 
When, on the other hand, the primary periderm has been formed in 
the deeper layers of the cortex, the secondary periderm often forms 
complete concentric rings ; thus hollow cylinders of the cortex are 
transformed into bark (ringed bark). The longitudinal rupture of 
this kind of bark is effected by the bast-fibres enclosed in it, p g. % 
Vine, Clematis, and Thuja. 

There are in the periderm organs corresponding to the stomata of 
the epidermis, and serving, like them, to admit air to the living 
portion of the cortical tissue; these are the Leu Heels. They are 
usually circumscribed circular areas of the periderm where the cork- 
cells formed in the course of the summer are not arranged closely 
together, but are separated 
by intercellular spaces. In 
winter the lenticels are 
closed by ordinary cork- 
cells. They are most easily 
detected in branches of one 
year’s growth, where they 
are to be seen in the sum- 
mer in the form of brownish 

.... . iii Fin. 61 — T.enticel in e trnnsver.-e section of 

Or whitish Specks under the a twig 0 f Elder ( X 300 ) : e epidermis, q phelk’gen, 
places where the stomata 1 cells and pi the phcllngen of the lenticel, k curti- 
• i • cal parenchyma containing chlorophyll. 

occur in the epidermis. ‘ 

These spots are commonly the starting-points of the formation of 
cork. In many trees, as the Birch, the lenticels become much ex- 
tended in width by the growth of the branch in circumference. 
When the cork-layer is very thick, as in the Cork-oak, the lenticels 
form deep canals filled with a pulverulent mass of cells. 

In woody plants the falling off of the leaves breaks the continuity 
of the epidermis. This process is induced by the formation in the 
autumn of a zone of peculiar tissue at the base of the leaf, the cells 
of which become separated along one plane by the splitting of the 
common walls, so that the cells remain uninjured. Cork is subse- 
quently formed under the layer of cells covering the portion of the 
leaf which remains attached : the cork formed here becomes con- 
tinuous with the periderm which invests the branch. 

§ 30. The Primary Meristem and the Apical Cell. 

The growing end or apex of an organ, such as a root or a stem, is 
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culled the growing-point ( punctual vegetation is). In roots it can be 
readily distinguished on account of its freedom from colour, and it 
will be seen to be enveloped by a transparent mass of tissue forming 
the root-cap (see §7). In stems the growing-point is invested by 
the young leaves. In the growing-point the different forms of cells 
and systems of tissue which have just been described are not yet 
present ; it consists of a tissue, the cells of which are all capable of 
division, rich in protoplasm, thin- walled, and in close juxtaposition, 
without any intercellular spaces: this is the primary vieristem. 
Most leaves and fruits, and many other organs, consist, at the 
earliest stage of their development, wholly of primary meristem, 
which is subsequently transformed into the different forms and 
systems of tissue, so that none of the primary meristem remains. 
In those organs, on the other hand, which have a continuous apical 

growth, as most 
stems and roots, new 
primary meristem is 
constantly being 
produced propor- 
tionately to its trans- 
formation into per- 
manent tissue, by 
the formation of new 
cells at the growing- 
point. At the apex 
of a root, the tissue 
of the root is formed 
backwards from the 
primary meristem, 
and the root-cap for- 
wards; the external 
cells of the latter 
are constantly being 
worn off. 

In Cryptogams 
this constant pro- 
duction of primary 
meristem is usually 
effected by means of a single cell, which occupies the apex of the 
growing: organ, and is distinguished by its size and form ; this 
H iJie a P tcal ™ 11 (Fig. 05 vj. This is the case in the higher 



Fi«. G.“— Longitudinal section through the apical region of 
a stem of Fontinalis antijtyretica, a Moss growing in water 
(after Leitgcb) : v the apical cell of the shoot, producing throe 
rows of segments which are at first oblique and afterwards 
placed transversely (distinguished by a stronger outline) 
Each segment is first of ail divided by the wall a into an 
inner and an outer cell; the former produces a part, of the 
inner tissue of the stem, the latter the cortex of the stem and 
a leaf Leaf-forming shoots arise beneath certain leaves a 
triangular apical cell (z) being formed from an outer cell’ of 
the segment, which then, like v, produces three rows of seg- 
m*»nts ; and each segment here also forms a leaf. 
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Thallnphytcs (but not in Fucus), in the Muscinea', and in the 
Vascular Cryptogams (but not in Lycopodium, Isoetcs, some 
Selaginellas, roots of Marattiacene) : in these exceptional cases no 
single apical cell is present. From this cell all the cells of the 
primary meristem, and consequently those of the whole mass of the 
plant, originate in the following way: it divides in regular suc- 
cession into two; of these, the one remains exactly similar in form 
to the original apical cell, it increases in size, and then fulfils the 
functions of the apical cell in its turn ; the other, known as the 
srgmwity by further subdivision (Fig. G5 a b c), forms a portion of 
the tissue of the organ to which it belongs. The whole mass of 
tissue is formed from the segments which are thus successively pro- 
duced. The mode of the formation of the segments is very simple 
in some Algro, where the terminal cell is divided only by transverse 
septa, so that the segments form a longitudinal row. The process is 
more complicated when the segments are cut eff right and left 
alternately by oblique walls which intersect. It is still more com- 
plicated when, as in the stems of Mosses and of Ferns, the terminal 
cell is wedge-shaped or has the form of an inverted three or four- 
sided pyramid ; segments are cut off from each of the sides by 
inclined walls in regular succession (Fig. G5). The root-cap is 
formed by segments which are cut oil* from the apical cell by walls 
parallel to its free surface. 

From the foregoing account of the growing-point of Cryptogams 
it is evident that the tissues of such stems and roots as possess an 
apical cell must necessarily have a common origin. In the Vascu- 
lar Cryptogams the commencing differentiation of the tissues in 
the primary meristem of these members can usually be observed 
close behind the apical cell. There is a distinct external layer of 
cells, known as the dennntogru, which is the primitive epidermis* 
within this are several layers of cells, termed periblem, from which 
the cortical tissues are derived ; and in the centre is a cylinder of 
somewhat smaller cells, the jp/moac, from which the axial tissues, and 
most commonly the fibro- vascular bundles, will be formed. 

In the Phanerogams, as well as in those Vascular Cryptogams 
which have been already mentioned as exceptions, the growing- 
point has no apical cell. It consists of a primary meristem which 
usually exhibits, in the stem at least, the above-mentioned differen- 
tiation into throe systems. The tissues of the mature members 
have not, therefore, a common origin, as is the case when an apical 
cell is present, but each tissue-system is developed from the corro- 
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spending system of the primary meristem. In roots there is in many 
cases a fourth meristematic layer, the calyptrogev , from which the 
root-cap is developed, but the differentiation of the primary meristem 
is not so regular as it is in stems : in rare cases (Ilydrocharis, 
Pistia Stratiotes ) all four layers are present ; in others (most Mono- 
cotyledons) the epidermis and the coricx are developed from a com- 
mon meristematic layer, so that demiatogen and periblem cannot be 
distinguished ; in others again (most Dicotyledons) the root-cap and 
the epidermis are derived from a common layer, and finally, in 
Gymnospcrms, the primary meristem consists only of plerome and 
periblem. 

§ 31. Formation of Tissue in consequence of Injury. 

When the internal tissues of most parts of plants are laid bare by 
injury, they are gradually covered by a formation of cork taking 
place in the outermost layer of cells which remain uninjured and 
capable of growth. This is easily seen in injured fruits, leaves, and 
herbaceous stems, in which the wounds that have been covered by 
a layer of cork are distinguished by a grey- brown colour. The 
process is very easy to observe in potato- tubers, for each portion 
of living tissue taken from one, if only prevented from drying too 
quickly, will soon be covered over the whole surface by a layer of 
cork precisely similar in structure to the ordinary rind. In plants 
in which the wood is well developed, cork is not immediately 
formed — particularly when the cambium is wounded or laid bare — 
but all the living cells which border on the wound give rise to a 
homogeneous parenchymatous tissue known as the Callus. If the 
wound is small the callus-cells proceeding from the different sides 
soon come into contact and close up into a single mass of tissue, 
which then gives rise to cork on its outer surface, and, joining the 
old cambium at the margins, forms a new layer of cambium, which 
fills up the cavity. If the wound is a large one, cork and new cam- 
bium are formed in the callus at the margins of the wound, and it 
is not wholly closed till after repeated rupture of the approaching 
cushions of callus. The wood exposed by the wound, which usually 
assumes a dark colour under the influence of the air, does not grow 
with that formed from the new cambium of the callus ; hence in- 
scriptions, for instance, which are cut in the cortex so as to reach the 
wood, though subsequently covered by a number of annual layers 
of wood corresponding to the number of years, may easily be found. 
A similar explanation accounts for the fact that the surfaces of the 
stumps of cut-off branches become overgrown ; the callus first ap- 
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pears as a ring from the cambium exposed in the transverse section, 
and afterwards closes like a cap over the old wood. Foreign bodies 
— nails, stones, and stems of other plants — may thus become en- 
closed in the wood of a tree and be overgrown by it; the cortex, 
being forced against the foreign object by the pressure of the grow- 
ing wood, splits, and the callus formed in the rent grows round the 
object, enclosing it and producing new cambium. 

Stems of plants of the same species will grow togetner if they 
are in close contact ; the callus formed by the cortex of both, 
coalesces and gives rise to a common cambium. On this depend 
the various modes of artificial grafting, in which branches or buds 
with a portion of the cortex are taken from a variety or an allied 
species and placed so that their cambium is in contact with that 
of a stem which serves as the stock, and subsequently they grow 
together. 
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CHAPTER I. 

CHEMICAL niOCESSES IN PLANTS. 

§ 32. Ths Elementary Constituents of the Food of 

Plants. All parts of living plants contain a considerable quantity 
of water: this forms not merely the principal constituent of the 
cell-sap, but also saturates the cell-walls, the protoplasm, in short, 
all organized structures. It is one of the peculiarities of organized 
structures that minute particles of water are interposed between 
the particles of solid matter of which they consist. By heating to 
100° or 110° Cent., all the water contained in any part of a plant is 
expelled, and in consequence it will naturally lose weight. The 
amount of this loss, that is, the quantity of contained water, is very 
different in various plants ; ripe seeds dried in the air contain from 
1*2 to 15 per cent, of water, herbaceous plants GO to 80 per cent., 
and many water-plants and Fungi as much as 05 per cent, of then- 
whole weight. 

The residue, which gives off no more water at a heat of 100° Cent., 
the dry solid, consists of a great variety of chemical compounds ; 
these are partly organic, that is to say, combinations of Carbon with 
other elements, and partly inorganic. Those organic substances 
which occur in the living plant (with the exception of salts of 
oxalic acid) all contain Hydrogen. Some of them, such as many 
oils, consist of these two elements only (Carbon and Hydrogen), but 
by far the greater number, including Cellulose, Starch, and Sugar, 
as well as the vegetable acids, and certain oils, contain Oxygen also 
The albuminous substances consist of Carbon, Hydrogen, Oxygen, 
Nitrogen, and Sulphur; in other bodies which contain Nitrogen, as 
Asparagin and many alkaloids, there is no Sulphur ; from certain 
other alkaloids, for instance Nicotin, Oxygen is also absent. 
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The organic compounds can for the most part be resolved into 
volatile products — chiefly carbonic acid, water, and ammonia — by 
exposure to great heat wi:h free access of air, that is, by combus- 
tion. The inorganic residue is a white, or, if the combustion is 
imperfect, a grey powder, the ash. 

As the result of chemical processes attending the combustion, 
the sulphur previously contained in the organic compound appears 
as sulphates in the ash, and the carbonic acid formed during com- 
bustion combines with some of the inorganic substances. These, 
therefore, must not be included in an accurate estimate of the con- 
stituents of the ash. 

The ash usually constitutes but a small percentage of the whole 
dry solid of the plant. The following analyses of various portions 
of plants will give an idea of its amount and composition : — 

1000 TARTS OF DRY SOLID MATTER CONTAIN : 



<; 

X 

m 

s 

o 

Soda. 

Lime. 

Magnesia. 

o 6 

C) * 

o 

c . 

x — 

Sulphuric 

A cal. 

Silica. 

Chlorine. 

Clover, in bloom 

Oft- 3 

21-00 

1-30 

21-00 

7-41 

0-72 

0-74 

; 2-00 

1-0-2 

2-GO 

Wheat, grain 

10*7 

o-u 

Oil 

o-oo 

2*30 

0-26 

9-20 

0-07 

0 42 

0-04 

Whett, straw 

53-7 

7*33 

0-71 

3-09 

1*33 

0-33 

2-58 

1-32 

30-25 

0-90 

Potatc tubers 

37-7 

22-70 


097 

1-77 

0-45 

0-53 

2-45 

o-so 

1-17 

Apples 

141 

oil 

3-70 

0*59 

1-20 

0-20 

1-90 

0-88 

o*r»2 

— 

Peas (tin seed) 

27*3 

11-11 

: o-2(> 

1-30 

2-17 

0-16 

! 9-95 

0-95 

0-24 

0-42 


These constituents of the ash do not form a merely accidental 
mixture; it has been proved by experiment that certain inorganic 
matters are absolutely necessary to the life of the plant. Those 
elements which the plant requires for its nutrition, and which must 
therefore be regarded as part of its food, are : 

I. Those forming the organic compounds. Carbon, Hydrogen, 
Oxygen, Nitrogen, and Sulphur. 

IJ. Those forming the inorganic compounds. Phosphorus, 
Chlorine, Potassium, Calcium, Magnesium, Iron. 

Besides these we find in the ash of many plants — though they 
cannot be regarded as essential to nutrition — the following ele- 
ments : 

Sodium, Lithium, Manganese, Silicon, Iodine, Bromine, and in 
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nre cam's, also Aluminium, Copper, Zinc, Cobalt, Nickel, Stron- 
tium, and Barium. 

Fluorine must also exist in vegetables, for it is found in a per- 
ceptible quantity in the dentine of animals which feed directly or 
indirectly on vegetables. 

§ 33. The Absorption of Carbon. The source from which 
all plants containing chlorophyll derive their carbon is simply and 
solely the carbonic acid of the atmosphere (or in the case of sub- 
merged plants, that which is held in solution by the water), which 
is decomposed under the influence of light by the cells which con- 
tain chlorophyll. If a water-plant (e.g., a leaf of Potamogctonmitaus , 
or a portion of the stem of Eiodea. canadensis ) be placed in water 



which holds carbonic acid in solu- 
tion, and be exposed to sunshine, 
it will be seen that from the cut 
surface of the leaf or stem bubbles 
of gas are given off at regular 
intervals (Fig. GO). Those con- 
sist of oxygen. The carbonic acid 
is in fact decomposed in the clilo- 


Fio. fifi.— Evolution of oxygon from a 
wuier-plant ( Eiodea Canadensis): a tbe cut 
stem ; g a weight that keeps the stem in its 
place; o the gas-bubhlcs rising from the cut 
surface. 


rophy 11-corpuscles in such a way 
that part of its oxygen is restored 
to the atmosphere, whilst the re- 
sidue combines with tlie elements 


of water to form organic compounds, which therefore contain 
carbon, hydrogen, and oxygen ; the last, however, in smaller pro- 
portion than does carbonic acid (C 0 2 ). Since almost all the 
constituents of the food of plants (and not carbonic acid only) are 
compounds which are rich in oxygen, containing, in fact, for the 
most part the maximum proportion of that element, and since the 
products formed within the plant itself are all very poor in oxygen, 
— some of them being wholly destitute of it, — it is a necessary in- 
ference that in the course of nutrition considerable quantities of 
oxygen must be evolved. 

The first organic compound which can be detected as a product 
of this process is in most plants Starch (C 6 H 10 O 6 ), which makes 
its appearance in the chloropliy 11-corpuscles in the form of minute 
granules ; sometimes grape-sugar is formed instead. A certain 
temperature and the co-operation of light are both indispensable to 
this process ; in the dark no oxygen will be eliminated, and the 
formation of starch-grains in the chlorophyll-corpuscles will also 
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§ 34.1 

bo no longer obscrv r able. Of the different rays which compose the 
solar spectrum, the least refrangible, and particularly the yellow 
rays, have the most effect in promoting this process. The organs 
which are adapted for the performance of this function are those 
which are rich in chlorophyll, particularly the foliage leaves. 

No carbon is assimilated by green plants in any other way ; ex- 
cepting tli is particular process, there is no instance in all nature ( f 
the conversion of carbonic acid into organic compounds which con- 
tain a smaller proportion of oxygen; hence all carbon, even that 
contained in the organic compounds of the animal body, is derived 
from the carbonic acid decomposed in the chlorophyll-corpuscles. 

A number of plants which arc not furnished with chlorophyll — 
for instance, all Fungi and a few of the higher plants, as the 
Dodder (Cuscuta), Orobanche, and Monotropa — are unable, in con- 
sequence of its absence, to decompose carbonic acid ; hence they 
are compelled to derive their organic compounds directly from 
other living plants, or from the decomposing remains of other organ- 
isms (humus) : in the former case they are said to be parasites 
(*».</., Cuscuta, Orobanche) ; in the latter they are called saprophytes 
(e.y., Mushrooms, Neottia, Monotropa, etc.). 

§ 134. Metabolism. The substance formed in the chlorophyll- 
corpuscles — that is, starch, in the majority of plants — constitutes 
the raw material from which all the other organic substances of 
the whole plant are elaborated. In this process of elaboration, 
the combined nitrogen and the inorganic substances absorbed from 
the soil, and the oxygen taken up from the atmosphere, are also 
concerned. The starch-grains (or their physiological equivalent) 
are continually being absorbed and removed from the chlorophyll- 
corpuscles. Under normal vital conditions, when the plant is 
exposed to the light, the formation of starch is in excess of the im- 
mediate consumption, so that starch-grains are always to be found 
in chlorophyll-corpuscles ; but if the plant be placed in the dark, 
the starch-grains gradually disappear. 

Of all the substances which are elaborated in the plant, those are 
the most important which contribute to form the substance of the 
cell- walls and of the protoplasm ; they are spoken of as plastic 
substances. 

The cell-walls consist of cellulose, C 6 H 10 O 6 . It has been shown that 
Starch, Sugar, and Inulin, which have a similar chemical constitution, 
as well as fatty matters, all serve as material for the formation of 
cellulose* and arc thus the plastic substances for the cell-walls. 
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The protoplasm consists essentially of albuminous substances 
(proteids), which all contain nitrogen and sulphur ; such albumin- 
ous substances and other nitrogenous compounds, as asparagin, 
constitute the plastic materials for the protoplasm and allied struc- 
tures, such as the chlorophyll-corpuscles. 

The plastic substances are not consumed at once in the organs in 
which they are formed , but they arc generally utilized in other 
parts of the plant and at a later period : hence they are stored up 
for a time, sometimes for a long time, in considerable quantities in 
special organs, and are then called rcsm'e-v/atrn<tJ<. The seeds ot 
all plants are organs for the storage of such reserve-materials; 
they contain, besides the embryo, the nutritive substances which it 
requires during the first stages of its development. Tubers are 
also such organs, and thickened roots (Potato and Dahlia tubers, 
Turnips), as well as the persistent parts of perennial plants, such as 
the rhizomes of herbaceous plants, certain parts of the tissue of 
the branches and trunks of trees and shrubs, and in evergreen 
plants even the leaves themselves. 

Potato tubers, for instance, contain, as is well known, a great 
quantity of starch ; when the buds grow out into shoots, and new 
plants begin to be formed, the starch disappears in proportion as 
new cell-walls are developed. In the same way the starch of the 
seeds of cereals, the cane-sugar of the beet-root, the inulin of 
Dahlia tubers, the fatty oil of the seeds of the Rape, the Pumpkin, 
the Sunflower, and other plants, is used np in the formation of the 
cell-walls of the new plant. Certain layers of colls, particularly 
the cells of the medullary rays of trees, contain, in the winter, a 
quantity of starch which is absorbed and consumed during the 
spring when new shoots are developed. Cellulose itself occurs as a 
reserve-material in f lie seeds of the Date and other Palms ; the 
remarkably thickened walls of endosperm-cells are absorbed during 
germination, and subserve the growth of the seedling. The pro- 
teid-grains (aleuronc) described in § 15 are the albuminous reserve- 
materials of the seed. 

If seeds are made to germinate, or if shoots grow out from other 
deposits of reserve-material, as potatoes and the like, in the dark, 
no fresh formation of plastic substances can take place, so that the 
whole of the newly-formed cells are developed at the expense of 
the reserve-materials; thus the degree of development reached by 
plants grown in the dark depends on the supply of reserve- 
materials, which varies in different plants. Por instance, if the tiny 
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6ecd of the Tobacco germinates in the dark, only a minute seedling 
is developed, while a potato tuber or a beet-root can nourish large 
plants. 

The plastic substances which are stored up as reserve-material 
undergo a scries of changes before they attain their final form, 
which may be cellulose, or the proteid of protoplasm. The plastic 
materials for the cell-walls, whether they are deposited as starch, 
cane-sugar, inulin, fatty oils, or cellulose, are always in part 
changed into grape-sugar, which is conveyed in solution through 
the parenchymatous cells by diffusion to the spot where it is to be 
utilized, — that is, to the place where the new cells are being formed. 
Very frequently a temporary deposition of it in the form of starch 
occurs in the conducting tissues, more particularly in the bundle- 
sheaths. 

The intermediate forms assumed by the albuminous reserve-sub- 
stances are but little known. These substances appear generally to 
travel slowly through the thin-walled elongated cells of the phloem, 
but in some plants asparagin appears as an intermediate form, 
which travels through the parenchymatous tissue. 

The starch of the chlorophyll-corpuscles is conducted, in the same 
way as the starch of the reservoirs of nutriment, to the spot where 
it is to be utilized, partly in promoting the growth of the new 
organs, and partly in being stored up in one of the depositories in 
t lie form of one of the above-mentioned substances. 

A great number of compounds of carbon occur in plants, which 
stand in no direct relation to the development of new cells ; they 
are the by-products of metabolism, which are formed partly as an 
inevitable result of the various changes effected in the different 
plastic substances, and partly also in connection with the perform- 
ance of functions which are at present in great measure unknown. 
Among these by-products arc Tannin, Colouring matters, Acids, 
Alkaloids, Volatile Oils, etc. They also are formed from the re- 
serve-materials, which are therefore never entirely consumed in the 
construction of new organs. 

Finally, the products of degradation are the last terms of the 
series of changes expressed by the word metabolism. They can 
undergo no further modification in the organism, and they have 
been formed from its organized constituents. To these belong most 
kinds of gum. In Gum Tragacapth, which is excreted by many 
species of Astragalus, the organization of the cell-walls is plainly 
perceptible; they hove become capable of swelling-up enormously: 
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Cherry Gum is formed in the same way from cell-walls which have 
become difluent, but it is not soluble in water. Gum Arabic, which 
is formed by several kinds of Acacia, consists of cell- walls which 
have been so greatly changed as to be absolutely soluble in water. 

§ 35. The Source and Significance of the other Con. 
Stituents of the Food. All the nutriment of plants, with the 
exception of carbonic acid, is derived from the soil. 

The Hydrogen of the organic compounds is obtained by the 
decomposition of the water which permeates every part of the 
plant, and is constantly being absorbed from the earth. 

Nitrogen , wAicli an essential constituent of albuminous sub- 
stances, is never assimilated in a free form ; although it is present 
in laige quantities in the atmosphere, a plant perishes if the soil in 
which it grows contains no compounds of nitrogen. Nitrates and 
compounds of ammonia are widely distributed, and it is in this 
form that nitrogen is taken up by the pla»*t. 

The small group of carnivorous plant* such as Drosera and 
Utricularia, have a special means of obtaining nitrogenous food ; by 
their leaves they capture small insects, etc., And absorb com pounds 
of nitrogen from them. 

Sulphur , which is a constituent of albuminous and a few other 
substances occurring in plants, such as oil of Mustard, is derived 
from the sulphates of the soil. Probably the formation of crystals 
of oxalate of lime is connected with the decomposition of the 
absorbed sulphates: the oxalic acid of the plant combines with lime 
to form oxalate of lime, liberating sulphuric acid which then 
undergoes further decomposition. 

Phosphorus is a constituent of the phosphoric acid which is 
always found associated with the albuminous substances, and which 
seems to stand in some close relation to them ; phosphates consti- 
tute a large proportion of the ash of seeds. 

Iron, though it is met with in very small quantities, is absolutely 
necessary for the formation of chlorophyll, and therefore also toi 
die formation of starch. The leaves produced by plants which are 
not supplied with iron during their growth are white so soon as 
their own store of iron is exhausted ; these leaves, which arc said to 
be chlorotic , become green in consequence of the formation of chloro- 
phyll if the soil be supplied with iron, or even if their surface only 
is washed with a very weak solution of iron. 

Potassium is found in the form of salts combined with various 
organic acids, as tartaric acid, racemic acid, and oxalic acid. Un* 
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less the soil contains potassium, no formation of starch can take 
place in the chlorophyll- corpuscles ; further, the potassium salts 
must bear some relation to the plastic materials of the cell- walls? 
since they are found for the most part in those portions of plant* 
which are rich in starch, sugar, or similar substances, as in potatoes, 
beet-roots, and grapes. 

Calcium and Magnesium have been shown to be necessary to the 
normal development of plants, but no tiling beyond this is accurately 
known as to their function. They occur as salts of lime and 
magnesia in combination with both organic and inorganic acids. 

As regards Chlorine , it has been experimentally proved so far to 
be indispensable in the case of one plant only, the Buckwheat 
( I'ohjgonuni Fagopyrum). 

It has been discovered by experimental cultures, that a plant can 
be perfectly nourished if it is supplied with all those elementary 
substances which have been enumerated as essential. This might 
be done, for instance, by supplying it with either of the two follow- 
ing groups of chemical compounds : 

1 . 

Calcic nitrate 
Potassic nitrate 
Potassic super;' osplmte 
Magncsic sulphate 
Ferrous phosphate 
Sodic chloride. 

In these two mixtures, as well as in others of the same acids and 
bases which might be formulated, all the essential elements are 
included in forms suitable for absorption. 

§ 30. The non-essential Constituents of the Ash. 

Silica , a compound of silicon and oxygen, is distinguished from 
the previously-mentioned constituents of the ash, not only in that 
it occurs sometimes in greater and sometimes in smaller quantities, 
but more particularly in that the amount of it present in any organ 
increases with the age of the organ. Hence it may be inferred 
that it can hardly stand in any direct relation to the chemical 
processes of nutrition. Moreover, plants which are usually rich 
in silica can be brought to an apparently normal development 
under conditions which render the absorption of silica impossible. 

Iodine and Bromine are found in many marine plants, especially 


o. 

Calcic nitrate 
Ammonic nitrate 
Potassic sulphate 
Magncsic phosphate 
Ferrous chloride. 
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in A.lgoe, and are prepared from them ; it is not known if thoy ai* 
of any value in the economy of the plant. 

Sodium , being universally distributed, is found in plants. 

Lithium occurs in tlie ash of several plants, particularly in 
Tobacco. 

Zinc , Copper, and other metals, though they are not commonly 
present in the ash of plants, are nevertheless taken up by plants 
from soils which are rich in them ; from this it appears that plants 
may absorb substances which are not necessary for their nutrition. 

§ 37. The Absorption of the Constituents of the Food 
from the Soil. With the exception of floating water-plants, 
which derive the whole of their nutriment, even their carbonic 
acid, from the water which surrounds them (e.r/., 
Utrieularia), most plants grow in damp, or in 
dry, porous soil, from which they absorb all 
their nourishment except carbonic acid. The 
organs by which this is effected are the roots, 
or, in rootless plants, hairs, shoots, or branches 
of the tliallus, which take the place of roots. 
The epidermal cells and (Fig. G7 It) root-hairs 
come into close contact with the minute particles 
of the soil, and with the water which adheres to 
these particles. Some nutrient substances are 
held in solution in the water of the soil, and 
pass directly into the root-cells by diffusion: 
others are decomposed by the acid sap which 
is contained in the cells and which saturates 
even their cell- walls, and they then pass into 
Fig. g 7 . — Ruot-imirs tlie plant in the form of salts of organic acids. 

(«)°V h a P e m“inating If a l ,lant is allowcd to g 1 ' 0 ™ over a P^te of 
plant of Buckwheat polished marble, the calcic carbonate is decom- 

gouum 1 ,0SC<1 at tll0Se P arts ° f the P late wId cll are in 

liypocotyiedonury por- direct contact with the roots, and a complete 
tiun ; c cotyledons. outline of the whole root-system is produced 
upon the marble. Thus although these nutritious substances are 
so firmly retained by the soil that they cannot be dissolved out 
of it by water, they are nevertheless absorbed by the plant. The 
plant is enabled to take up these as well as other substances which 
occur in a solid form, in consequence of the very intimate con- 
nection of the root-liairs with the particles of the soil. If a 
strongly-growing plant be pulled up out of the ground, those parts 
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of the root which are provided with hairs — neither the apex nor 
the oldest portion — will be seen to be closely covered with earthy 
particles which cannot be removed without tearing the hairs. 

It has been found that the ash of plants which grow close to* 
gether in the same soil or in the same water, may have a com- 
position which is different in different cases, and which is different 
also from that of the soil ; hence it has been inferred that plants 
have a certain power of selection, that they can absorb certain 
matters and reject others. This phenomenon can, however, be 
more simply explained by the known laws of diffusion. A sub- 
stance which is held in solution by the medium which surrounds 
the plant will continue to diffuse into the cells of the roots until 
equilibrium is set up between the two fluids separated by the 
membrane, and this is equally true of those substances which are 
at once absorbed by the plant as of those which are brought into 
solution by it before absorption. If the substance is not consumed 
in the plant and consequently remains unaltered, the state of equili- 
brium once set up is permanent, and no more of that substance 
will be absorbed ; but if it is consumed in the plant, undergoing 
chemical change in the process, it ceases to exist in the plant in 
its original form, and fresh supplies will be constantly absorbed. 
Since these chemical changes differ in different plants, it is possible 
to account in this w.r T for the variety in the composition of the ash 
of plants which have grown side by side. 

The fact that certain constituents of the ash are indispensable to 
the life of plants is of the greatest importance in agriculture. All 
the constituents of the ash, as well as the nitrogenous compounds, 
arc removed every year in considerable quantities from the soil at 
the time of harvest. Those which exist in the soil in relatively 
small quantity, such as phosphoric acid and compounds of potassium 
and of nitrogen, must be restored to it : this restitution is the object 
of manuring. 

§ 38. Oxygen ; the Respiration of Plants. In the process 
of nutrition a large quantity of compounds of oxygen is being 
constantly introduced into the plant ; and, since the assimilated 
substances which are formed from the compounds are very poor 
in oxygen, it follows that during assimilation a considerable portion 
of the oxygen absorbed in a combined form must be liberated and 
evolved by the plant. In contradistinction to this process — which 
is effected exclusively in the cells containing chlorophyll and under 
the influence of light — all living parts of a plant, at all times, take 

G 
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up oxygen from the atmosphere and give off carbonic acid, This 
process is Respiration , which must be clearly understood to be quite 
a distinct from the process of the formation 

of starch. The fact that green plants de- 
ij pffir compose carbonic acid in the one process, 

jjjP Pv\ and form carbonic acid in the other, and 

continue at the same time to increase in 
j \ weight and to accumulate carbon -com- 

jfiP,, 1 | pounds, can be simply explained thus — that 

|j , J the respiration of these plants is usually 

I j feeble, while the formation of starch under 

I 'll jpg**. I favourable circumstances is extremely 

1 Iff#/ I ac fi ve - If these plants be kept in the 

j |L'!, wf/ J dark, they cannot form starch, and they 

I' wBlrf i j mus t necessarily lose weight and at length 

' t ' ' /ff\ 1 1 perish. The more vigorous growth is, the 

| I',: f 1 1 j J j more vigorous is respiration. It is abso- 

j, i I . I i.j f jljj lutely indispensable to the life of the plant ; 

jpj. I- jjj jli in an atmosphere deprived of oxygen all 

| (!., j |:j the vital processes are suspended, the 
■‘‘3 niovements of the protoplasm cease, the 
irritability of sensitive leaves disappears, 
„ , 7 , . as in Mimosa, Oxalis (see § f>0), and at 

Fig. 68.— A ppm atus for do- ’ \ a n 

tectinjr the rise of temperature last the death of the ])lant takes place. 

in small opening flowers or gcr- l*y respiration force is obtained, and new 
minuting seeds. The seeds uro . 1 

heaped as closely as possible in chemical jirocesses are initiated. 

the funnel r which is inserted As j n a jJ otlier processes of oxidation, 
into the mouth of u bottle con- . . „ , , 

taming a solution of caustic ]ieat LS ‘ set flV(i h Y aspiration in plants ; 
potash. This absorbs the car- but as other conditions lead to rapid cool- 
bonicHrW prefaced by resj.ir^ ■ „„ ,.; se of t ] J(J temperature is usually 

a glass vessel, and a delicate observable as the l'CSlllt. -A. rise of tOlIl- 
thennometer is inserted through ptTil tlire is pCl’CCptihlo in Special CilSCS 

the mouth. The bulb of the only, in which respiration is very active, 
thermometer is plunged in . in j i n which tlic conditions are unfavour- 

among the seeds. Tlie tempera- . . 

tr.re in this apparatus will i e aide to rapid cooling, as in ttic gci munition 

nighcr than in another arrang< d 0 f seeds wllicll lie VCiy closely together, 

In the same way forcomparis- n, . . , „ , , . „ 

and in which the portions of the seeds of barley m the process of 
tlie plant aro replaced by scraps malting ; this consists in causing the barley 
of papet, etc. to germinate by moisture and warmth, so 

that the starch which the seeds contain may be converted into 
sugar; during this process a perceptible rise of temperature occurs. 
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During the blossoming of many infloresences, as, for instance, ol 
Aroids, a rise of temperature amounting to 4°, 5°, or even 10° above 
that of the air has been observed. By means of suitable apparatus 
(see Fig. G8) a similar rise of temperature may be detected in 
other plants, even with quite small flowers, as well as during the 
germination of seeds. 

Finally, in the few cases in which Phosphorescence has been proved 
to occur in living plants, as in various Fungi, e.y., Ayaricus olearius ; 
this phenomenon is intimately connected with the taking up of 
oxygen ; the Fungus is luminous only so long as it lives and is sur- 
rounded by an atmosphere containing oxygen. The old statements 
as to the phosphorescence of certain flowers have not been con- 
firmed. 


CHAPTER II. 

THE MOVEMENT OF WATER AND OF GASES IN PLANTS. 

§ 39. The Slow Movement of Water in the Processes 
of Growth and of Nutrition. A potato-tuber, even if kept 
quite dry, will sprout ’> der the influence of a sufficiently high tem- 
perature, and in proportion to the growth of the shoots the tuber 
will become flaccid and wither, beginning at the more remote parts, 
in consequence of loss of water. This water is not only of use in 
that it dissolves nutrient substances and thus renders possible their 
transport to the apex of the growing shoot, but it is itself of use 
in the process of growth; for not only are solid particles of cellulose 
deposited in the growing cell- walls, but also a certain quantity of 
water; and moreover, the vacuole of the growing cell containing 
cell-sap also increases in size. The water which is indispensable for 
these purposes is gradually absorbed from tlio more remote portions 
of tlio tuber. As a consequence, if the tuber be kept dry, it will 
gradually become flaccid and withered; but if it lies in damp earth, 
it takes up water from the soil, and thus water is conveyed with 
the nutrient materials to the growing parts. Water is similarly 
conveyed to the developing buds of trees, to the growing-points of 
seedlings, and generally to all growing parts of plants, from the 
nearer parts in the first instance, then from the more distant, and 
tinally from the external medium. This water travels slowly from 
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cell to cell ; as the equilibrium between the individual cells is de- 
stroyed by the consumption of water in the growing cells, the water 
from the more distant portions of the tissue is absorbed to restore it- 

§ 40. Transpiration. Every part of a plant which is exposed 
to the air and which is not covered by a layer of cork or of 
cuticle, is constantly losing water by evaporation into the atmo- 
sphere. If a stem bearing leaves be placed under a bell-jar at a 
sufficiently high temperature, the glass will be soon covered with 
drops of water, in consequence of the condensation of the vapour 
given oif by the plant. Transpiration is naturally the more ener- 
getic the higher the temperature and the drier the surrounding air. 
This loss of water is compensated by the absorption of water from 
the soil by the roots and its conveyance to the transpiring organs of 
the plant. On particularly hot days it sometimes happens that the 
leaves of trees and herbaceous plants lose more water than their 
roots can replace, and they droop and wither. This drooping 
occurs conspicuously in parts of plants which have been cut off. 
The transpiration varies in quantity according to the special 
organization of the plant and of its separate parts. The stems of 
most woody plants and trees are almost entirely prevented from 
transpiring by thick layers of cork, and transpiration is small in 
such stems and leaves as are covered with a thick cuticle, as the 
leaves of Agave, the stems of Cactus, and similar plants; these 
when cut oft' wither slowly, and they can thrive in a very dry soil. 
Tender leaves, on the contrary, in which the cuticle is but slightly 
developed, as those of Tobacco and Pumpkin, wither as soon as 
they are removed from the plant, or if the soil becomes too dry. 

The stomata affect the transpiration of the plant inasmuch as 
they are the external openings of the in tei cellular spaces into which 
transpiration takes place from the neighbouring cells, and from 
which the watery vapour escapes into the external air. 

§ 4T The Movement of Water through the Wood. 
The water given off by transpiration is conveyed to the transpiring 
organs from the roots through tho wood (xylem). If a ring of 
cortex be cut away from a tree so that all conduction through the 
cortex is interrupted, the leaves will not wither so long as tho wood 
is uninjured ; water is still conveyed through it to them. If a cut 
branch be placed in a solution of some colouring-matter such as 
Anilin, the colouring-matter rises through the wood with the water. 
That the lignified cells of the xylem serve for the conduction of 
’vater is also confirmed by the fact that submerged water-plants 
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which can have no transpiration have no lignified elements in 
tlieir xylem. In the summer, at the very time when transpiration 
is most active, the wood-cells contain air; hence the water must 
travel, not through the cavities of the cells, but in the cell- walls. 
The cut stems of many plants which are actively transpiring wither 
very rapidly, and when placed in water take it up only very 
slowly ; this arises from the circumstance that section in air dimi- 
nishes the conducting capacity of the cut surface : if a portion be 
cut oil from such a stem under water, water is immediately con- 
veyed upward, and the upper portion recovers its turgidity. If 
water be forced into the stem, the same effect is produced. 

The water which rises through the w T ood-cclls to supply the 
place of that which is lost by transpiration, is taken up by the 
roots ; hence the compensation depends on their activity ; if their 
activity be in any way impaired — for instance, if the soil be too 
much cooled — absorption is diminished and the plant withers : 
again, a plant when newly transplanted droops for a time, because 
the roots arc incapable of taking up the requisite amount of water, 
until a new growth of hairs enables them to become closely at- 
tached to the particles of the soil. 

Leaves and stems are not capable of absorbing watery vapour 
from a moist atmosphere, or water when poured over them, to any 
considerable extent. It is, however, very evident that drooping 
plants recover their turgidity -when they are wetted by dew or rain, 
or if tho air be moist. This is the result partly of an increased 
supply of water derived from the moistened earth, and partly of a 
diminished transpiration in consequence of the dampness of the 
atmosphere. 

§ 42. The Root-pressure. It is an old observation that 
Vines when pruned bleed, as it is called, in the spring — that is, that 
water escapes from the cut surfaces ; closer investigation has shown 
that this water exudes from the openings of the large vessels. 
A similar bleeding may be observed in several trees, as the Birch 
and Maple, as well as in all woody shrubs which are growing vigor- 
ously and which aro provided with a well-developed root-system. 
If the stem of a Sunflower or of a Tobacco plant be cut off a few 
centimetres above the ground, and if evaporation from the cut 
surface be prevented, an out- flow of sap will begin after a time, 
which may continue for several days. This water is absorbed from 
the soil and forced up into the plant by the roots often with a force 
capable of supporting a column of mercury of considerable height. 
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This root-pressure sometimes gives rise to the exudation of drops of 
water from different parts of plants, for instance, from the tips of 
the leaves of many Aroids, and from the teeth of the leaves of 
Alchemilla vulgaris ; in the latter instance it maybe observed on 
almost any summer morning, and it is usually mistaken for dew. 
In a dry atmosphere the formation of drops is prevented because 
the water forced up from the roots is at once evaporated. 

Jn herbaceous plants the water forced up from the roots contains 
only a few salts in solution ; in the Vine and some trees it usually 
holds various organic substances, and particularly sugar, in solu- 
tion. 

This movement of water, effected bv the root-pressure, is particu- 
larly conspicuous in the spring, and generally at the period of most 
vigorous growth. In plants which have been transpiring vigor- 
ously no water exudes from the cut surface in connection with the 
root when the stem is cut through, until after a certain lapse of 
time, when the roots have taken up a fresh supply of water. This 
proves, in the first place, that there is no root-pressure in plants 
which are actively transpiring, and consequently that the root- 
pressure does not supply the water lost by transpiration. 

A brief consideration of the phenomena which \ e been de- 
scribed will show that there are throe distinct modes in which 
water moves in the living plant; of these, two are effected hv a 
sort of suction proceeding from the spot where the water is being 
used, namely : (a) the slow movement of the water in the processes 
of growth, and ( b ) the passage of water through the wood to 
compensate for the loss by transpiration. The third motion (c) is 
caused by pressure from the roots upwards, independently of any 
consumption. It must, however, be assumed that absorption is 
constantly going on at the surface of the roots, and that the internal 
tissues are so arranged that the water which is absorbed can be 
to reed u p ward s . 

Jn winter, the wood-cells contain water together with larger or 
smaller bubbles of air; henen it happens that if a hole be bored 
into a tree in winter, when tl e temperature is rising, the water is 
driven out by the sudden expansion of these air bubbles ; if, on the 
other hand, the temperature is falling, their contraction causes an 
absorption of water. 

§ 43. The Movement of Gases in Plants. Wc have seen 
that every living vegetable cell takes up oxygen, and that the cells 
which contain chlorophyll consume carbonic acid. Now these gases, 
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in order to reach the interior of the cells, must penetrate the cell- 
walls, and this is effected by diffusion ; they are dissolved by the 
water which saturates the cell- walls, and are conveyed by it to the 
point where they are to be consumed. In like manner the cells 
lose by diffusion the gases evolved within them ; oxygen as a pro- 
duct of the decomposition of carbonic acid, carbonic acid as a 
product of respiration. 

Not only do gases thus circulate by diffusion, but they also move 
freely in the air-passages which usually occur in the tissues of 
plants, such as the intercellular spaces, the vessels (at any rate in 
summer), and the cavities formed by rupture, as in the stems of 
Grasses, Umbel lifer®, etc. These all communicate with each other 
and, in terrestrial plants, with the outer air by means of the 
stomata, if air be forced into a leaf which has a large number of 
stomata — for instance, by placing the blade of the leaf in the month 
and closing the lips tightly round the petiole — bubbles of air will be 
seen to escape from the cut surface of the petiole, if it be placed in 
water, which come out of the openings of the vessels. The converse 
of this experiment is not equally successful, because the stomata of 
the leaf when immersed become closed by water held by capillary 
att motion. 

A constant interchange is always going on by diffusion between 
the air contained in tb-^e spaces and the contents of the cells; the 
composition of the air is thus continually changing, and currents are 
set up between it and the outer air. This movement of the air in 
the internal cavities is promoted by the swaying of the plant under 
the influence of the wind, as well as bv variations of temperature. 

Submerged water-plants have very large cavities filled with air, 
which do not communicate with the atmosphere by stomata ; an in- 
terchange of gases cannot fake place direct Iy between the individual 
cells and the atmosphere, but. it takes place partly between the cells 
and the surrounding water which holds gases in solution, and partly 
between them and the air contained in the air-chambers. The gases 
frequently collect in these chambers in such volumes as to set up a 
pressure sufficiently great to rupture the surrounding tissues. 
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CHAPTER III. 
GROWTH. 


The presence of pkist ic material is an indispensable condition of 
growth, hut this docs not necessarily imply that the nutrition of a 
growing plant depends upon the simultaneous absorption of 
nutritions matters from without ; on the contrary, the young grow- 
ing parts of a plant arc usually supplied with plastic material from 
the older parts which have ceased to grow. These older parts may 
be reservoirs of nutriment, as the tubers of the Potato, or they may 
be factories of nutriment, as the leaves in annual plants, e.7., the 
Tobacco ; here the full-grown leaves form starch, and the stem and 
young leaves grow at the expense of the plastic material thus 
elaborated. 

A second indispensable condition is the presence of water. This 
is required not merely to enter into the formation of the cell- wall 
and to convey the plastic materials, but to maintain the cells in a 
state of Turgiilihj , without which growth is impossible. The turgid 
condition is brought about by the endosmotic absorption of so much 
water that the elastic cell-wall is rendered tense by the hydrostatic 
pressure. As a consequence, the solid particles composing it are 
forced as far as possible apart from each other, the intermediate 
fluid areas arc enlarged, and the intercalation of additional solid 
particles is rendered possible 
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§ 45. The Growth in Length of Stems, Leaves, and 
Roots. Growth is brought about by internal causes ; there are 
parts of plants which, when they have attained a certain size and 
shape, are incapable of any further growth ; others, as the nodes of 
Grass-stems, may begin to grow again under certain circumstances. 
Growth is influenced by external conditions, such as moisture, 
warmth, light, and gravitation. It will be advantageous to study, 
in the first place, the course of growth when it is not affected by 
these external influences. Of this, the roots offer the simplest ex- 
amples. In a growing root three regions may be distinguished : 

I. The growing -point, where new cells are being formed in great 
numbers from the primary tissue ( mrristnn ) by repeated division, 
but where no considerable increase of their size takes place. 

II. The elongating portion, that is to say, the part in which 
growth, chiefly in length, is taking place ; in this region the cells 
are increasing considerably in size, and cell-division occurs only in 
relatively small proportion. 

III. The full ii-th.rcl oprd portion, in which various modifications of 
the cells take place, but no further growth. 

Stems which attain a considerable length grow mneb in the same 
way as roots ; in them also, as in roots, a mass of cells is formed by 
division at the apex, which undergo elongation at a lower level, and 
at a still lower cease to grow altogether. When, however, a stem 
possesses clearly defined in+c modes (see § 2), a further complication 
takes place, for within each internode similar stages of growth 
are exhibited* moreover, the nodes cease to lengthen at an early 
stage, whereas the internodes continuo to grow for some time. 

Most leaves consist at first of primary tissue, the cells of which 
are undergoing division ; they attain their full development in 
different ways, but in all cases no part of the primary tissue re- 
mains as a growing-point so as to provide for continued growth. 
These three stages, the preparatory, the growing, and the final, are 
successively gone through by each individual coll. So soon as it 
lias been formed from the primary tissue, it begins to elongate in 
order to attain its definitive length. It grows at first slowly, but 
the rapidity of its growth gradually increases until at a certain 
period the maximum is reached; it then gradually diminishes, and 
the cell finally ceases to grow. This periodicity of growth is co- 
incident in all the cells which lie at the same level, so that in a 
growing part of a plant there is a certain zone where growth is 
most vigorous, and on each side of it the rapidity diminishes. 
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can continue to grow, as well as its capability 
of attaining a certain length. For instance, 
it is easy to observe that the lower internodes 
of most stems remain short; that those above 
them are longer; that those of a certain part 
of the stem are the longest; and that, the 
upper ones again are short. In the same way 
the size of the leaves attached to these various 
parts of the stem increases from below to 
about the mid die, and then diminishes. 

§ 40. The Properties of Growing 


Part s. If a stem which has ceased to grow 
n its lower portion, but which is still grow- 
ing at its upper part, be strongly bent, on 
icing released the fully-grown portion will 
resume its original position, whereas the growing part will retain 
the curvature given to it. From this it appears that the growing 
parts of a plant are highly flexible but imperfectly clastic. This 
explains the following experiment: if a sharp blow be given to the 
lower rigid part of a growing shoot of the Meadow Thistle ( Oarduus 
yratmsis), for instance, or to a strong shoot of the Raspberry, the 
upper growing portion becomes sharply curved ; this curvature 
persists after the shoot lias come to rest, in such away that the 
apex is inclined towards the side from which the blow came. 

If a growing iuternode be divided longitudinally down the middle, 
the two halves separate widely; this is due to the fact that the pith 
tends to elongate more than the other tissues, and is prevented from 
doing so by them; as far as their extensibility allows, these tissues 
are stretched, and in this way tensions are set up. If the various 
tissues be completely separated from each other with a sharp knife, 
each will acquire a different length ; the pith becomes longer than 
the internode originally was ; the outer tissues retain the same 
length or shorten, in which case the epidermis contracts the most. 
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§ 47. The Influence of External Conditions on Growth 
in Length. The most important of these is Moisture. If the cells 
of an organ be not tensely filled with water (turgid), that organ 
will not grow at all. 

With regard to the dependence of growth upon Temperature , it is 
to be observed that the more favourable the temperature the more 
rapid is the growth. In general, the account given in § hi of the 
relations existing between temperature and the vital functions of 
the plant holds good with reference to growth. 

Li (jilt, exercises a retarding influence on growth. It is an old 
observation that those stems which develop in the dark — for in- 
stance, potato- shoots in a cellar — grow to a much greater length, 
that is, they have much longer internodes, than those which grow 
normally in the light. Plants which have grown in darkness, and 
which are therefore abnormal inform, fire said to be etiolated. Their 
internodes are very long, their leaves are not green but yellow, and 
usually much smaller than the normal leaves; this is due to a morbid 
condition induced by the absence of light, for the presence of light is 
an essential condition for the performance of certain important func- 
tions. The retarding action of light on growth also causes the 
curvature of stems which have boon illuminated on one side only 
du ring their growth, as, for instance, in the case of plants grown in 
a window. The feebler the light to which it is exposed, the longer 
will an internode become; so, when the light comes from one side 
only, the side of the stem most remote from the source of light is 
more feebly illuminated, and consequently grows longer than that 
which is nearer to the source of light; as a necessary consequence, 
the stem will curve in such a way that the concavity is directed 
towards the source of light. This property, which is exhibited by 
most organs, is known as positive heliotropism. Petioles are nlwavs 
positively hcliotropic, and when illuminated from one side only, 
they curve in such a manner that the upper surface of the lamina 
is always turned towards the light ; in this process, however, other 
properties also take part. In contrast to positive licliotropism, a 
negative heliotropism is exhibited by a few vegetable organs — e.g., 
the older internodes of the stem of Ivy and many roots — which 
curve away from the source of light in consequence of the more 
vigorous growth of the more strongly illuminated side. The nature 
of heliotropism is not yet perfectly known. 

Gravitation also influences growth : it is manifest that most stems 
and trees grow straight up from the earth’s surface at all parts of 
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the globe, in the direction of a prolonged radius of the sphere ; in 
the same way roots, and particularly primary roots, grow straight 
downwards, and branches and leaves grow outwards at certain 
angles. If a growing stem be placed in a horizontal position, the 
growing portion curves (Fig. 70 s) so that its upper surface be- 
^ comes concave, its lower 

jju.r convex, and it is said to 

be negative! tf geotropic; con- 

w scquently the free end is di- 

\\ rected upwards and continues 
to grow in a vertical direc- 
tion. In tlie same way the 

Fig. TCI.-Cu rrnf.re h.^ hr cavimti™ in P ro *' , V 0,1,1 of a ™ ot lu!J 
» seedling of the Pea placed horizontally; the horizontally curves down- 
darker outline shows the original line of pmwrti; wan ] s (fj(r, fQ ? r) • it is 
s stem which lias curved upwards (negative poo. * ^ r> ‘ . . * * 

tropism); tc the mot which has curved down- therefore post ft Celt/ CjOotroptG. 
wards (positive gentropism). If by means of appropriate 

apparatus germinating seeds he caused to rotate round a centre 


in a vertical plane (Knight’s machine), the roots obey the 
centrifugal force, as they do gravitation under ordinary circum- 
stances, and grow away from the centre in the radial direction; 
while the stems, on the contrary, grow towards the centre, in 
opposition to the centrifugal force. That the force which de- 


termines the direction of growth of parts of plants under ordinary 
circumstances is in fact gravitation, is not only indicated by the 
coincidence of the direction of the growth of the axes of plants 
with the radius of the earth at all points of its surface, but it can 
also be proved by direct experiment. Thus if plants are ’withdrawn 
from the influence of gravitation by being made to rotate slowly, 
so that at every moment the force of gravitation is acting upon 
them in a new direction, the effects produced by the action of 
gravitation in successive periods of time neutralise each other, the 
plants roots and stems alike — will grow in indeterminate direc- 
tions. 


§ 48. Bilateral Structure of Plants. Many plants are so 
organized that their different surfaces do not grow equally; thus 
in young leaves the under surface at first grows more vigorously 
than the upper ( ht/ponasty ), so that they lie folded over the end of 
the stem, and their subsequent unfolding is occasioned by a more 
vigorous growth of the upper surface ( rpinasty ). This unequal 
growth depends wholly on internal causes and not on external 
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influences. Usually these phenomena are exhibited by two sur- 
faces, and such portions of a plant are said to be bilateral . But 
thero are also parts of plant3 which become bilateral under the 
action of external influences; organs, that is, the surfaces of which 
grow unequally because they are not equally sensitive to the action 
of these external influences. 

The co-operation of the internal causes, that is, the tendency 
towards a bilateral structure, with external influences such as light 
and gravitation, gives rise to the varieties of position which the parts 
of plants assume in nature, particularly the horizontal or oblique 
direction of stems, branches, leaves, lateral roots, and so on. 

It is by unequal growth that those movements are produced 
which are expressed by the word Nutation. If the movement takes 
place only from behind forwards, or from right to left, in con- 
sequence of the alternately more vigorous growth of the posterior 
or right side and of the anterior or left side, the nutation is simple; 
but if it occurs in every direction, in consequence of the more 
vigorous growth of each side in succession, the nutation is said to 
be revolving. 

Revolving nutation is very conspicuously exhibited by climbing 
plants, the Hop, Bean, Bind-weed, etc. (v. Fig. 15 I>). So 
long as the growing end of such a stem does not come into contact 
with a support, the revolving nutation carries it round in a circle. 
If in the course of its nutation the anterior surface of the stem 
comes into contact with a support which is not too thick, the 
movement of nutation is altered in such a way that the apex 
of the stem, as it grows, will describe an ascending spiral around 
the prop as its axis ; then the turns of the spiral become steeper 
and narrower, and cling tightly to the support. Most climbing 
plants twine to the left, that is to say, the spiral ascends from 
left to right ; only a few, as the Hop, twine to the right. 

In climbing stems it is immaterial which surface comes into 
contact with the support : in tins respect they differ from Tendrils , 
of which usually one side, and that the under side, is capable of be 
coming concave as the result of contact with a support. They curve 
in consequence of the contact, which acts upon them as a stimulus. 
As a result of the curvature thus induced, fresh portions of the 
under surface are brought into contact with the support, and the 
curvature continues until at last the whole free portion of the 
tendril is wound round it. The stimulation which is effected by 
the pressure is propagated through the portion lying between the 
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support and the base of the tendril : this portion then contracts 
and assumes the form of a cork-screw, thus drawing the stem close 
up to tho support (Fig. 15 A s ). These curvatures of climbing 
plants and of twining tendrils are accompanied by torsion , that is, 
by a twisting of the organ round its own axis of growth. Torsion 
may bo produced in various parts of plants, partly by external and 
partly by internal causes ; thus, to give one of numerous instances, 
horizontal or oblique branches with opposite decussate leaves may 
be found in which the leaves appear to be arranged in two rows 
only in consequence of the torsion which the internodes between 
the pairs of leaves have undergone. 

The alternate opcnlmj ami closin'/ of many flowers, such as the 
Crocus, is likewise an effect of bilateral structure. The lower 
parts of tho petals are still in a growing condition and are highly 
sensitive to changes of light and of temperature, so that when the 
temperature is rising and the light increasing, the inner side grows 
the faster and the flower opens ; as the temperature and light 
diminish, the outer side grows the faster and the flower closes. 

§ 49. Growth in Thickness of Woody Plants. The 
processes of growth in the cambium which lead to an increase in 
size of the wood and of the bast (§ 26) are subject, like those of 
growth in length, to certain specilic internal laws. Thus in the 
Yew, for instance, very small annual rings are formed ; its growth 
in thickness is very small in comparison with that of Willows, 
Poplars, Elms, etc. Again, the first annual rings of a young tree 
are much narrower than those subsequently formed. 

Growth in thickness is very obviously dependent upon the 
quantity and distribution of the nutrient substances formed in 
the leaves. If a tree loses many of its leaves — as, for instance, 
when attacked by locusts — the formation of new wood is con- 
siderably diminished. Tho extent of the formation of new wood 
is not to be measured by the width of the annual ring, but by its 
cubic content ; for it is clear that the same amount of material 
will give rise to rings, the width of which will vary with the 
diameter of the wood already in existence. Trees which bear 
branches and foliage down to the ground naturally have a larger 
supply of material for the formation of new wood in their lower 
than in their upper parts, and, as a consequence, the increase in 
size and the breadth of the rings of wood are greatest below, so 
that the stem has a distinctly conical form. On the other hand, 
those *rees which bea 1 * a crown of leaves at the apex of a long 
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bare stem, even on the assumption that the material is equally 
distributed and that the growth in thickness is consequently uni- 
form throughout, exhibit wider rings in their upper than in their 
lower part : the form of their stems is nearly cylindrical. 

The pressure exercised by the cortex, rendered tense by the 
growth in diameter of the wood, has an important influence upon 
growth in thickness. When this pressure is great, the increase of 
the wood is less 1 h an when the pressure is small. This explains 
the increase in thickness exhibited by trees when planted out, 
before any important extension of the foliage can have taken place. 
The cortex, which had hitherto been in moist air in a confined 
space, is now exposed to the sun and to dry air ; it becomes brittle, 
and therefore can exert only a slight pressure. The pressure of 
the cortex lias been shown experimentally to be the cause of the 
formation of spring- and autumn-wood. In consequence of the 
growth of the wood during the summer the pressure of the cortex 
becomes considerable, and, as the result, a smaller number of vessels 
are formed in the wood, and the external layers of wood-cells 
become flattened. In the spring the pressure diminishes in con- 
sequence of the rupture of the cortex, which lias become dry 
during the winter, by the wood which absorbs considerable 
quantities of water and therefore swells. That most trees cease 
to grow in thickness about the middle of August is to be attributed 
to the fact that tho pressure of the cortex attains its maximum at 
that time. With reference to tho relation existing between growth 
in thickness and temperature, it may be mentioned that the cam- 
bium of roots which have penetrated to some depth into the soil 
is active even in winter. 


CHAPTER IV. 

THE IRRITABILITY OF MATURE ORGANS. 

§ 50. The curvatures and movements which have hitherto 
been considered arc only manifested so long as the organs in 
which they occur continue to grow. Hut there are many organs, 
particularly leaves, in different plants, which perform movements 
even after they are fully grown. The internal processes which 
produce them are highly complicated ; they essentially depend 
upon an expulsion of water, in consequence of stimulation, from 
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the cells of one side of a particular part of the petiole which is 
the actual motile organ. 

The full-grown leaves of many plants change their position morn- 
ing and evening, so that a diurnal and a nocturnal position may bo 
readily distinguished. In the nocturnal position the leaves are 
usually drawn together ; in the day position, on the contrary, they 
are widely expanded. These movements are best known in the 
case of the Sensitive Plant ( Mimosa pud tea) ; the pinna* of the 
..eaves of this plant fold together upwards in the evening, whilst the 
leaf-stalk bends downwards. The motile organ is the pulvmus 
which lies at the base of the racliis and of each petiolule. Smiilar 
phenomena may be observed in many other leguminous plants, such 
as the false Acacias and the Bean. The leaflets of the W ood-sorrel 

(Ox alls Accltwlla ) fall 
downwards in the evening 
and expand again in the 
morning (Pig- 71), and 
those of other plants behave 
in a similar manner. 

This periodicity is deter- 
mined by variations in the 
intensity of light and by 

F'G. ri -Loa^f Oxalis by day (Tj and bynlgl.t ch s of temperature. An 
(N). In the latter, each leaflet is folded mwarda ° 1 

at right angles along its midrib, and is also bent increase in the intensity of 
downwards. light and a rise of temper- 

ature effects the assumption of the diurnal position, and rice verna. 

These leaves possess also a periodic motion, effected by internal 
causes, which only becomes evident when the plants are kept for 
some time in continuous darkness : it is then seen that the leaves are 
inconstant though not very vigorous movement. It appears, there- 
fore, that exposure to light tends to arrest the spontaneous move- 
ments, and to cause the leaves to take up the diurnal position. 
This is known as the paraionic action of light. In some few plants 
these proper periodical movements, due to internal causes, are ex- 
hibited under ordinary conditions if only the temperature is high 
enough. The lateral leaflets of the leaves of IleJysarum (Desmo- 
dium) gyrans , for instanco (a papilionaceous plant from the East 
Indies), constantly perform circular movements which are repeated 
in from two to five minutes. 

Among the leaves which exhibit periodic movements there are a 
few which possess this peculiarity, that contact with a foreign body 
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causes them to pass from the diurnal to the nocturnal position: t Ids 
is particularly conspicuous in the loaves of Mimosa pwlica. 

The stamens of many flowers, e.g. 9 of U orb oris and Centaurea, are 
sensitive only to contact; those of Bcrberis when at rest are ex- 
tended widely apart; if they are touched on their inner surfaces 
they bend concavely inwards so as to approach the stigma: those 
of Centaurea contract when touched, and thereby agitate the whole 
inflorescence, for they are inserted upon the tubular corolla. The 
florets are closely aggregated in the capitulum, and, if the hand 
is lightly pissed over it, an active tremulous movement of all the 
llorets occurs. 

The hair-like appendages (tentacles) of the leaf of Droscra (Fig. 
72 A ), each of 
which bears an 
apical gland, curve 
inwards when a 
foreign body 
touches the glands, 
or if they are 
moistened with a 
nitrogenous fluid, 
in such a way that 
the apical glands 
are collected to- 
gether at the centre 
of the leaf. By this 
means small insects 
which have been 
caught by the viscid secretion of the glands are conveyed to the 
middle of the leaf, and are there brought into contact with as 
many of the glands as possible; their secretion dissolves all the 
nitrogenous constituents of the insect, and these are absorbed into 
the plant. Other carnivorous plants have still more complicated 
motile mechanisms for the same purpose. 

In order that movements of the leaves may take place, the plant 
must possess a certain degree of irritability. Long-continued ex- 
posure to darkness, or to too high or too low a temperature, or the 
action of chemical or electrical stimuli, induces a condition of 
rigidity : when this is the case, no stimulus will produce any move- 
ment. 



X R 



Fio. 72. — Leaf of Droscra rotund S folia. A Expanded, d the 
tentacles of the edge of the leaf; m the stoutly-stalked glands 
in the middle. B All the tentacles have bent towards the 
middle at the touch of an insect, 
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CHAPTER V. 

THE GENEItAL CONDITIONS OF PLANT-LIFE. 

§ 51. Temperature. As, with a few exceptions, the evolution 
of heat within the plant itself is extremely slight, its temperature 
depends almost entirely upon that of the surrounding medium: 
equilibrium is set up between it and the plant partly by conduction 
and partly by radiation. Since plants are bad conductors ol heat 
— that is to say, they undergo changes of temperature very slowly 
— when the changes in the temperature of the air are rapid and 
extreme, the temperature of a plant is frequently dill emit from 
that of the air, either higher or lower; but when the changes are 
slow, as is the case when the surrounding medium is water or earth, 
the temperature of the plant is very nearly the same as that of the 
medium. As regards radiation, it is an important cause of changes 
of the temperature of plants, particularly of leaves. When the sky 
is clear, these organs become much colder than the surrounding air, 
particularly at uiglit , in consequence of radiation, and it is on this 
fact that the formation of dew and hoar-frost depends. A further 
cause of the cooling of those parts of plants which have a consider- 
able extent of surface exposed to the air, is evaporation, which 
operates chiefly by day, and tends to reduce the temperature of tlie 
leaves below that of the surrounding air. 

Every process going on within a plant is connected with a certain 
range of temperature, that is to say, there is a certain minimum de- 
gree and a certain maximum degree of temperature, below or above 
which the process in question cannot take place. This obtains for 
growth, for the formation of starch, for the movements of protoplasm, 
for the activity of the roots, and so forth. Between these limits — 
tho maximum and minimum — there is for every function an optimum 
temperature , different for every plant, at which that function is per- 
formed with the greatest activity. Thus, when the temperature is 
rising to the optimum, at every degree it is more favourable; if it 
rises beyond the optimum towards the maximum, at every degree it 
becomes less favourable to the performance of any particular function. 

It may be generally assumed that all tho vital processes of our 
indigenous plants begin at a certain number of degrees above 
freezing-point ; that up to 25° or 30° C. they increase in intensity 
and reach their optimum at about 30°; that their activity diminishes 
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from 30° to 45°, and that they wholly cease at about 50°. In plants 
of warmer climates the lower limit is considerably higher; thus a 
Gourd seed will not germinate at a temperature below 13° C. 

Death, caused by exposure to too high a temperature, is affected 
by the presence of water; thus, while dry peas lose their germinating 
power only after exposure for an hour to a temperature of over 70° 
C., they are killed at a temperature of 54° if they are saturated 
with water. Most parts of plants will not bear a higher temperature 
than about 50° C. in air or 45° C. in water for any length of time. 

The freezing of plants, that is, their injury or death by cold, only 
occurs if the temperature of the plant falls some degrees (in some 
cases even many degrees) below the freezing-point, and if at the 
same time the plant is in a condition to become frozen. Many plants 
are not killed by frost, such as Lichens and many Mosses and 
Fungi; just those plants which can also bear drying up without 
suffering any damage. The dry parts of plants in general, most 
seeds, for instance, and the winter-buds of trees, are not at all sen- 
sitive to cold, whereas, if they contain a considerable quantity of 
water, as is the case when buds are in process of development and 


in succulent parts of plants, they freeze 
very readily. If an organ containing 
much water be exposed to cold, a cer- 
tain quantity of water, proportionate 
to the depression of the temperature, 
escapes from the cells and freezes on 
their surfaces, and the tissues contract 
in proportion; the water docs not freeze 
inside the cells. The frozen water 
iOrms an incrustation upon the cells (K 



Fig. 73) of distinct crystals lying parallel 
to each other consisting of almost pure 
ice, for the substances held in solution 


frozen leaf-stalk of Cynara IScolymus: 
e the detached epidermis ; g the paren- 
chyma in which lie the transverse 
sections of the fibro- vascular bundles 


by the water are retained by the re- 
maining ccll-sap, which becomes there- 


(left white). The incrustation of ice 
(K K) consisting of densely-crowded 
prisms (the Cavities of the ruptured 


foro more concentrated. It is certain Ubsuc are left ulack 111 tlie fi sure). 


that a great many plants are not injured by this formation of ice 
in itself, for, if the thaw is slow, the cells reabsorb the water and 
return to their normal condition. But if the thaw is effected very 
quickly, the largo quantity of water which is suddenly formed 
cannot bo absorbed with sufficient rapidity by the cells, and it 
collects in the intercellular spaces : it either induces decay in the 
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phi nt or it escapes and is evaporated, and the plant dries up. 
However, many parts of plants, as the leaves of the Pumpkin, 
cannot be preserved from death even by the most careful thawing*. 

Frost causes radial splitting of the stems of trees : the fissures 
close up when the temperature rises, but healing can of course take 
place only in the cortex. The splitting is due to the unequal con- 
traction of the wood, that of the external parts which contain much 
water being the greater. 

Cold exercises a peculiar influence on many green leaves; the 
twigs and leaves of Thuja, Ilex, and others, turn to a reddish brown 
colour in the cold, and become green again under the influence of 
warmth. This change of colour, usually from green to a light brown, 
results from a modification of the chlorophyll itself, and must not be 
confounded with the red colour that many leaves assume in autumn 
and winter, e.g., of the Virginia creeper, and which is due to the 
presence of a colouring-matter in solution. 

§ 52. Light, as has been seen, is indispensable to the formation 
of starch ; but when that process lias been accomplished, the sub- 
sequent processes of metabolism and growth can go on w r it f H the 
aid of light, though they may be more or less affected by 's 
influence. Shoots can grow from organs containing supplies of 
nutrient material, such as potatoes, in complete darkness : the 
growing end of the stem of a vigorous plant, if introduced into a 
dark chamber, will produce leaves, flowers, and fruit ; its nourish- 
ment being supplied by the lower leaves which remain exposed to 
the light. If the modifying influence which light exercises on 
growth, metabolism, and similar processes, be considered, five sets 
of effects may be distinguished, which are produced by the fiction of 
light upon the vital processes of plants. These fall under two 
heads : — I. The chemical effects , which are produced for the most 
part by the less refrangible (yellow) rays of tlie spectrum (in this 
respect they contrast strongly with the chemical action of light on 
salts of silver) ; and II. The mechanical effects , which are produced 
chiefly by the highly refrangible (blue) rays of the spectrum. 

The chemical effects are — 

I. The formation of chlorophyll; this is in so far dependent on 
light that tlie colouring-matter cannot acquire its green hue, but 
remains yellow, although the particles of protoplasm wddeh con- 
stitute the chlorophyll-corpuscles become differentiated from the 
rest of the protoplasm in the dark. The co-operation of light is 
incUsper sable to the formation of tlie green colouring- matter, and 
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this effect is not exclusively confined to the rays of low refrangi- 
bility, but is produced to some extent also by those of high 
rcfrangibility. In only a few eases — as the seedlings of Conifers 
and the leaves of Ferns — do the organs of plants turn green in the 
dark. It must not be forgotten that the formation of chlorophyll 
depends also on the temperature, and will not take place if it be too 
low ; lienee the shoots of plants which break through the soil in 
very early spring may remain yellow if the weather is cold, in 
spite of the exposure to light, until warmer weather sets in. 

II. The dependence of the formation of starch on light has already 
been pointed out (§ lk‘>) ; the influence of the rays of high refrangi- 
bility is here very slight. 

The mechanical effects are — 

III. The phenomenon that in many plants a strong light pro- 
duces a. fading of the colour of leaves and other green parts, whilo 
those which are shaded remain a dark green. It has been ascer- 
tained that this change of colour is due to a change in the position 
of the chlorophyll-corpuscles in the cells effected probably by the 
protoplasm. It appears that when the cells are exposed to diffuse 
daylight, the chlorophyll-corpuscles collect on the upper and lower 
walls of the cells, or rather, they arrange themselves in planes per- 
pendicular to the direction of the incident ray ( 'epistroplie ) ; but 
when the cells ai*e exposed to bright sunlight, the chlorophyll-cor- 
puscles collect oil the lateral walls of the cells, or rather, arrange 
themselves in planes parallel to the direction of the incident ray 
(apostrophe) . Removal of the leaves from diffuse daylight into 
darkness also produces apostrophe. Many zoo-spores move towards 
the light while others, on the contrary, avoid it. 

IV. Cell-division is independent of light. It frequently proceeds 
in parts to which no light can penetrate — as in many growing- 
points and in the cambium — with as much activity as in other parts 
which are fully exposed to light, as frequently in the format ion 
of stomata. On the other hand, the growth of all those organs 
which are positively lieliotropic is greatly influenced by light; that 
is to say, that it is considerably retarded : this effect is produced by 
the more refrangible rays exclusively. 

V. Light acts on irritable motile organs in two ways ; in the 
first place an increased intensity of light induces the assumption of 
the diurnal position ( paratonic action ), in the second place the con- 
dition of irritability is intimately connected with the normal expo- 
sure of the plant to the influence of light ( phututoiuis ). (See § 50.) 
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[§§ 53 - 55 . 

§ 53. Gravitation. All plants and all parts of a plant are 
naturally subject to the action of gravitation. It lias already been 
pointed out (§ 47) how this influences the direction of growth of 
the organs of jdants producing the phenomena of Gcotropism. 
Plants exhibit various adaptations for the purpose of maintaining a 
definite relation between the weight of their different parts and the 
discharge of their functions. The rigidity of their woody tissue 
enables boughs to support the weight of their leaves and fruit; 
climbing and twining plants avail themselves of foreign bodies for 
the same end. Water-plants have various appliances, such as air- 
containing spaces, very much elongated stems, etc., for raising the 
different parts to the surface of the water. The seeds and fruits of 
many plants are provided with hairy, feathery, or winged append- 
ages to facilitate their transport by the wind. 

§ 54. Electricity. The many chemical processes which go on 
in plants must be accompanied by electrical phenomena^ As plants 
are good conductors, the difference of the electric tension of earth 
and air is equalised by means of them: that this is the case is 
shown by the fact that tall trees are frequently struck by lightning. 
Beyond this little is known. Highly electrical conditions of the 
atmosphere act upon sensitive leaves, as those of the Mimosa, like 
mechanical stimuli; and protoplasm, when stimulated electrically, 
exhibits no special phenomena which might not be produced by 
other means. 


CHAPTER VI. 

REPRODUCTION AND ALTERNATION OF GENERATIONS. 

§ 55. Reproduction. Many plants are reproduced by bulbils 
(see § 5) which become separated from them ; a similar mode of 
multiplication is effected by stems — more particularly under-ground 
rhizomes, creeping stems and such like — which branch and con- 
slant ly die away from behind forwards so that the lateral shoots 
become so many isolated and independent plants. The branches, 
and even leaves, of many plants, when artificially severed from 
them, will take root under favourable conditions, and form new 
plants. Again, many unicellular plants multiply by division. 
These various modes of propagation may be grouped together 
under the head of vegetative reproduction . 

But, besides this, all plants, with the exception of a few of the 
lower Alga) and Fungi, exhibit true reproduction , that is, repro- 
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duction by means of special cells. These cells may be produced in 
two ways : 

(a) Asexually : The reproductive cell formed in this manner 19 
capable, by itself, of giving rise to a new individual. 

In the Thallophytes these cells are known by a variety of names, 
such as tclentosporcs , uredospores , sporidia , stylospore #, tetraspores , 
zoospores (when they are motile), coni dia, or simply as spores . 
In the Muscincse and in the Vascular Cryptogams they are also 
termed spores , but in the Rhizocarpere and in the Selagincllcce 
two kinds of spores are present, which are distinguished, on 
account of their relative size, as microspores and macrospores ; 
these plants are therefore said to be lieterosporons. In the 
Phanerogams the pollen-grains represent the microspores, and, like 
them, are set free from the parent plant : the macrospores find their 
representatives in certain structures which are contained in the 
ovule, but which are not set free from the parent-plant. These 
spores are, however, not alwaj's unicellular; those of some Fungi 
are multicellular, as are also the pollen-grains of Phanerogams. 

(b) Sexually : The reproductive cell formed in this manner is 
essentially the result of the union of two specialised reproductive 
cells, neither of which, by itself, is capable of giving rise to a new 
individual. 

The details of the process of union are not the same in all groups 
of plants, and a prefix is added to the word “ spore ” to indicate 
the precise mode in which the sexually-produced reproductive cell 
has been formed in any particular case. In most Cryptogams the 
coalescence takes place between two cells which differ greatly both 
in size and form, of which one is the male and the other the female , 
which are developed in special organs termed antheridia (male) 
and archegonia or oogonia (female). The process is then termed 
fertilisation. In this case the male cell is a small mass of proto- 
plasm, usually without a cell- wall, but endowed with spontaneous 
motility, which is termed an mithcrozoid : it penetrates into the 
female reproductive organ and coalesces with the female cell, the 
oosphere , which is likewise a naked primordial cell, but is much 
larger than the anthcrozoid and is not motile. As a consequence of 
fertilisation, the oosphere becomes surrounded by a cell-wall, and 
is then termed an oospore. 

But the differentiation of antlierozoid and oosphere is not ro 
complete as this in all plants. In the Peronosporeoo, for instance, 
the oosphere is differentiated but the antherozoids are not ; the 
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protoplasmic contents of the male reproductive organ, which 
fertilise the oosphere, are quite undiiTerentiatcd. This is the easo 
also in Phanerogams; here the fertilisation of the oosphere is 
effected by means of the undifferentiated protoplasmic contents 
of those outgrowths of the pollen-grains which are known as 
pollen -tubes. In the Lichens and in the Floridere the ceils corre- 
sponding to the antherozoids of other Cryptogams are provided with 
a cell-wall and are not motile, and in these plants also there is no 
distinctly differentiated oosphere in the female reproductive organ. 
In the other Ascomycetes in which sexual reproduction is known 
to occur, neither antherozoid nor oosphere is differentiated, but 
the male and female reproductive organs coalesce. These last- 
named groups of plants have this peculiarity in common, that the 
product of fertilisation is not a single cell, but a number of cells 
usually contained in a fructification and therefore termed carpo- 
xporexy those of the Ascomycetes being further distinguished, on 
account of the mode of their development, as ascospores. In cer- 
tain Algae and Fungi (Zygosporem) the two cells which coalesce are 
usually similar in size and form, and they are either both stationary 
or both motile ; in this case the process of union is termed conjuga- 
tion, and the resulting cell & zygospore. It is of course impossible 
to say with certainty which of the coalescing cells is male and 
which female. 

In the Thallopliytes the sexually-produced reproductive cell 
(oospore, zygospore, carpospore) is set free from the parent- plant 
before it germinates: in the Mosses and Vascular Cryptogams the 
oospore dcvelopcs whilst still included in parts of the parent-plant; 
in the Phanerogams also it dovelopes to a certain extent and forms 
the embryo , but at this stage its development is arrested, and it is 
then thrown off, together with certain parts of the parent-plant, as 
the seed. 

Sexual reproduction has not yet been actually observed in the iEcidiomycctea 
(Uredinene), but on tbe ground of analogy, their acidiospores are generally con- 
sidered to be carpospores like the ascospores of the Asoomycetes. 

Instances are on record m which an oosphero has given rise to a new 
individual without having been previously fertilised by an antherozoid; this 
lias been observed in the Saprolegnieoo and in Cham crinita. This iB termed 
parthenogenesis. 

§ 56. Alternation of Generations. In the higher Crypto- 
gams it can be readily observed that a reproductive cell, whether 
produced asexually or sexually, does not give rise to an in- 
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dividual similar to the one which bore it. If it be a spore, it 
gives rise to an individual which bears sexual organs; if it bo 
an oospore, it gives rise to an individual which bears spores. 
Thus there come to be two distinct generations in the life-history 
of one of these plants, the one, termed the s tporophore, which is 
asexual and bears spores, the other, termed the oojthnre, which 
is sexual and produces the male and female reproductive organs, 
and these two generations differ considerably from each other in 
appearance. This is what is meant by the phrase Alternation, oj 
Generations . In a Moss, for example, the ordinary moss-plant is 
the oophore ; the product of the development of the oospore is not 
an individual similar to the parent-plant, but a fructification, 
called the sporogonium, in which spores arc formed. When the 
spore of a Fern germinates, it does not give rise to a fern-plant 
with stem and leaves bearing spores, but to a small flattened 
cellular body, the protliallium, which produces the antlieridia and 
archegonia: it- is from one of the fertilised oospheres of the pro thal- 
lium that the ordinary spore-hearing Fern is developed. The alter- 
nation of generations becomes more difficult to trace in ascending 
from the Ferns to the Phanerogams, on account of the gradual 
diminution in size of the oophore : in the lieterosporous Vascular 
Cryptogams the protliallium docs not become free from the spore 
from which it is developed; the prothallium which is developed 
from the microsporo produces only male organs, arid the protlial- 
lium which is developed from the macrospore produces only female 
organs : in the Phanerogams, the pollen- tube alone represents the 
male protliallium, and, inasmuch as the representative of the macro- 
spore is not set free from the plant which bears it, the structures 
which represent the female protliallium of the lieterosporous Vas- 
cular Cryptogams are enclosed in parts belonging to the sporo- 
phore. In a Phanerogam, then, the plant is the sporopliore, the 
oophore being only represented by the pollen-tube and by certain 
cells contained in the ovule. 

In the Thallophytes no such alternation of generations can be 
traced. In some of them, such as Fucus, the only reproductive 
cells which are formed are oospores : in others the same in- 
dividual produces spores sexually at one time and asexually at 
another, and in others again these two processes may go on 
simultaneously. For these reasons it is impossible to distinguish 
sporopliore and oophore as has been done in tlie higher Crypto- 
gams and in the Phanerogams. 
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THE CLASSIFICATION OF PLANTS. 

Introductory Remarks. A systematic classification of plants 
may be arrived at by cillier of two methods. In the first, the 
different forms of plants are arranged according to some one given 
principle ; by this means order is established, and a definite position 
in the system is assigned to each plant. Many such systems have 
been devised, and arc known as artificial systems. The principle 
of classification in such a case must be determined more or less 
arbitrarily and without considering whether or not, in the resulting 
arrangement, the plants which are nearly allied are always brought 
together, and those which are less nearly allied are kept apart. 
The best known of these artificial systems is that of Linnirus, 
called the sexual system, which classifies plants by the number 
and mode of arrangement of the sexual organs. These organs, 
in his time, were known only in the Phanerogams (seed-bearing 
plants) ; to the great group of the Cryptogams , which Linnaeus 
regarded merely as a subsidiary department of the Vegetable 
Kingdom, this principle is inapplicable. 

The natural system, to the gradual development of which a more 
exact knowledge of the reproduction of Cryptogams has largely 
contributed, has for its object the classification of plants according 
to their fundamental relationships, and as these are established 
once for all by Nature itself, the natural system is not based upon 
any arbitrary principle of classification, but depends upon the 
state of our knowledge of these fundamental relationships. These 
find their expression in the structure and other characteristics of 
the reproductive organs, as well as in the relation of reproduction 
to the alternation of generations. 

This is more particularly true with regard to the definition of 
the larger groups of the Vegetable Kingdom ; within these groups 
relationships may be exhibited sometimes in one wa y and some- 
times in another, so that it is not possible to lay down any universal 
rules for determining close affinities. 

As the investigation of this subject is still far from complete, the 
natural system cannot be regarded as being perfectly evolved; 
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the various general sketches which have hitherto been given are 
therefore no more than approximations to the truth. The system 
laid down in the following table has no pretension to be regarded as 
the only correct one; it is selected simply because the arrangement 
it offers appears to answer most nearly to the present state of 
knowledge of morphology and affinity. 

The following Table exhibits, provisionally, the main divisions of 
the vegetable kingdom : — 

1st Group. Thallophyta. Plants of very simple structure, 
without any differentiation of leaf and stem, with- 
out true roots or fibro- vascular bundles. 

Class 1. Algre. 

„ 2. Fungi. 

2nd Group. Muscineae. The plant which is developed from 
the spore has generally a distinct stem and leaves, 
but possesses neither fibro- vascular bundles nor 
roots, and bears the sexual organs (oophore). 
The fertilised oosphere gives rise to a capsule 
containing spores (sporopliore). 

Class 3. Hepatic®. 

„ 4. Mnsci. 

3rd Group. Pteridophyta. From the spore a small pro- 
thallium is developed which bears the sexual 
organs (oophore). From the fertilised oosphere a 
plant is developed consisting of stem, leaves, and 
roots, containing fibro- vascular bundles and pro- 
ducing spores (sporophoro). 

Class 5. Filicin®. 

„ G. Equisetace®. 

„ 7. Lycopodin®. 

4th G roup. Phanerogamia. These plants are characterized 
by the production of true seeds containing at 
maturity a minute plant (embryo), furnished 
with rudimentary root, stem, and leaves. The 
ovule contains the oosphere from which the em- 
bryo is developed in consequence of fertilisation. 

A. Gymnospermae. 

Class 8. Gymnosperm®. 

B. Angiospermae. 

Class 9. Monocotylcdones. 

„ 10. Dicotyledones. 
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It the characteristics which are common to several groups be 
especially considered, the Phanerogams may be distinguished as 
seed-bearing plants from the three groups of Cryptogams ; the 
Thallophytes and Muscineio may be distinguished as non-vase nlar 
plants ( 'cellular plants) from the higher Cryptogams and the Pha- 
nerogams which arc vascular plants, and the Thallophytes from the 
three groups which exhibit a differentiation of leaf and stem, and 
which are termed Cormoplnjtes. 

The above-mentioned Classes are of very unequal extent ; for 
while certain of them, as the Equisctaceoe, include few forms and 
those for the most part very closely allied, others, as the Dicotyle- 
dones and the Fungi, include an enormous number of very different 
forms. These discrepancies arise from the very nature of the 
natural system, for a great diversity does not necessarily display 
itself in a type which is represented by a single class, and it must 
not be forgotten that probably the few living representatives of 
many Classes, for instance of the Lyeopodime, are but the surviving 
remnant of various once well-represented orders which have be- 
come in great measure extinct. 

Those Classes which include a sufficiently large number of forms 
are subdivided into subordinate divisions, as (1) Sub-classes, (2) 
Series, (3) Cohorts, (4) Orders, and these again, if necessary, into 
Sub-orders, etc. . but these names are applied in the most arbitrary 
manner to the different sub-divisions. The two narrowest system- 
atic conceptions, viz., Genus and Species, are used to indicate an in- 
dividual plant. Under the term Species are included all individuals 
which agree so closely that they may be considered as having all 
descended directly from a common ancestral form. New pecu- 
liarities may no doubt — though comparatively seldom — occur in 
the course of multiplication: the individuals characterized by these 
new peculiarities are regarded in classification as varieties of the 
species. When several species resemble each other so distinctly 
that tlicir general appearance indicates a relationship, they are 
grouped together in a Genus . The limits of genera are consequently 
by no means fixed, but vary according to the views of individual 
botanists. In the larger genera the species are grouped into Sub- 
genera. 

The scientific name of every plant consists — on the plan introduced 
by Linnaeus — of two words, the first indicating the name of the 
genus, and the second that of the species. Thus, for instance, the 
greater Plantain, Plautago major , and the Ribwort, Plantago 
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lant'enlafa , are two species of the genus Plantago. Since in early 
times the same plants were often described under different names, 
and as different plants were often designated by the same name, it 
is necessary in scientific works, in order to avoid confusion, to 
append to the name of the plant the name of the botanist who is 
the authority for it. Thus Plantago lan cent ata L., indicates that 
Linmous gave the plant this name, and at the same time that the 
plant meant is the one which Linmeus described and to which he 
gave the name. Again, the Spruce Fir is called Abies ex cels a D. C. 
(De Candolle), while the same plant was placed by Linnaeus in the 
genus Pinus under the name Finns Abies L.; hence these names are 
synonymous ; but Finns Abies I)uroi, is another plant altogether, 
the Silver Fir. 

The method by which each plant has its place assigned to it in 
the natural system is exhibited in the two following examples — 
I. Plantago major ; II. Agaricns muscanus : — 

I. Group : Phanerogamia. 

J )i v is i on : Angiospermae. 

Class : Dicotyledones. 

Sub-class : Gamopetal®. 

Series: Hypogyme. 

Cohort : Lamiales. 

Order : Plantagincm. 

Genus : Plantago. 

Species: Major. 

II. Group: Tliallophyta. 

Class : Fungi ( Caiyosporece ). 

Order : Basidiomyeetes. 

Tribe : Hymcnomyeetes. 

Family : Agaricince. 

Genus : Agaricns. 

Sub-genus: Amanita. 

Species : Muscarius. 
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GROUP L 
THALLOPHYTA. 

This group includes the lowest forms of vegetable life. They pre- 
sent no differentiation of stem, leaf, and root, and sonic of them are 
unicellular, the entire organism consisting of a single cell. In the 
lowest members of this group there is no sexual reproduction ; in 
the higher, the product of sexual union may be a zygospore or an 
oospore, or a mass of carpospores, or a fructification within which 
carpospores are formed. The division of the group into the two 
classes Algse and Fungi is artificial, in that it is based upon the 
presence (Algro) or absence (Fungi) of chlorophyll. Still it is 
probable that these classes are on the whole really natural, and 
that the evolution of higher forms proceeded equally in both. 


Alger,. 

PhycoehromaceoD. 


General Classification of Thallotiiytes. 

A. Protoplnjfa . 

No sexual reproduction. 

Fungi. 

Schizomyccfcs, 
Saccharomy coles. 

B. Zygntporce. 

Sexual reproduction by conjugation. 

Product, a zygospore. 

Zygomycetes. 
Myxornycetes (?).* 
Chytridiaccaj. 

C. Oosporecc. 

Sexual reproduction by fertilisation. 

Product, an oospore. 

Siphoneoe. Saprolegnieoo. 

Volvocincm. Peronosporcao. 

CEdogonieoe. Entomophthoreoo (?). 

ColeochaetcjB. 

Characcoe. 

Melanophyccro. 

The note of interrogation indicates that the occurrence of sexual reproduo. 
tion has not been definitely ascertained in the Order to which it is appended. 


Conjugate. 

Zoosporcce. 

Botijdiaccse. 



Florideoa. 


Product, numerous carpospores. 

Algce. Fungi. 

Ascomycetes. 

Uredinece (^Ecidiomycetes) (?). 
Ustilagineoe (?). 
Basidiomycetes (?). 


Class I. — ALGiE. 

These are plants of the simplest structure, which either live in 
water in the form of green, blue-green, or brownish filaments or 
masses of cells, or clothe damp surfaces such as rocks, walls, or the 
bark of trees, with a covering of one or other of these colours. In 
the sea they all a in often a very considerable mass ; some of them 
are of a beautiful red or brown colour, and attract the attention of 
the observer, partly by their gigantic size and partly by the elegance 
of their ramification. AVliilst some are unicellular, existing through- 
out their whole lives as single cells and producing new individuals 
by division, others form long rows of cells, or considerable masses 
or extended surfaces of cellular tissue. 

The most important feature in which the plants of this Class 
differ from the Fungi is the presence of chlorophyll and the con- 
sequent mode of life. The Alga? are able to form the organic sub- 
stances necessary for their nutrition, whereas the Fungi arc obliged 
to obtain them from other organisms. The presence of chlorophyll 
is obvious enough in the green Alga?, hut it exists also, though less 
evidently, in Alga? which have a bluish-green, olive-green, brown o** 
red colonring-niatter in addition in their chlorophyll-corpuscles. 
r rhe nature of this additional colouring-matter is usually the same 
throughout whole families which also resemble each other in their 
modes of reproduction. 

The reproduction of the Alga?, when it is not merely a process of 
division, is effected by cells which are produced sexually or asexu- 
ally. The former are designated by terms which indicate the 
special mode of their development {zygospore, oospore, carpospore ) : 
the latter are spoken of generally as spores {zoospores when they 
are motile). Reproduction by means of zoospores is very common 
in this class (Figs. 37 and 80) : these are small protoplasmic bodies, 
without cell- walls, formed either by the division or the rejuvenes- 
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ccnce of a cell, which move through the water by means of delicate 
filaments, the cilia : after a time they come to rest, become in- 
vested by a cell- wall, and give rise to new individuals by growth 
and cell-division. 

In the very lowest forms reproduction is effected neither sexually 
nor by means of zoospores. In the Conjugate the entire contents 
of two cells unite to form a zygospore. In many Zoospore® two 
zoospores, which may or may not be exactly similar and which 
are usually formed by cell-division, coalesce to form a zygospore. 
To these naturally follow those orders in which only the small 
male cells (anthcrozoids) are motile, the female cells being the 
oosphercs which remain in their mother-cells (oogonia) and are con- 
verted into oospores in consequence of fertilisation. The oospores 
may or may not be invested by special integuments, and, on ger- 
mination, may give rise to one or more individuals. From these 
the Floridero differ in the peculiar structure of the female organs 
and in the formation of a number of reproductive cells, the carpo- 
spores. On the other hand the Zoospore® resemble the Botrydiace®, 
which have only lately been accurately studied; but there is this 
difference, that the zygospore of the former group undergoes a 
period of rest before it germinates, whereas that of the latter 
germinates immediately after its formation. This is also the case 
with the oospore in the Melanophyce®, so far as their mode of 
reproduction is known at present; in them the oosplicre, though it 
is set free before fertilisation, is not motile. 

If, in addition to the modes of reproduction, the general vegetative 
structure of the Alg® be considered, a classification such as the 
following may be constructed. This must of course be considered 
as only provisional, since the reproduction of many forms is still 
unknown, and it is therefore only possible to assign them a system- 
atic position by a consideration of their vegetative structure. 

I. Sexual reproduction unknown ; no zoospores. 

Order 1. PhycocliromaceoB ; bluish-green A lg®. 

II. Sexual reproduction, effected by the conjugation of the 
entire contents of two stationary cells. 

Order 2. Conjugate. 

III. Sexual reproduction; effected by the conjugation of zoospores. 

Order 3. Zoospore®; the product of conjugation is a 
resting zygospore. 

Order 4. Botrydiace® ; the product of conjugation is o 
zygospore which germinates at once. 
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IV Sexual reproduction (so far as is at present known), effected 
by the fertilisation of a free oosphere ; from the oospore 
a new individual is directly developed. 

Order 5. Melanophyceas, 

V' Sexual reproduction, effected by fertilisation within special 
female organs (Oogonia and Carpogonia). 

A. The thallus a single, much-branched, filamentous cell. 

Order 6. Siphoneae. The oospore gives rise to a single 
new individual: female organ an oogonium. 

B. The thallus is multicellular. 

(a.) Female organ an oogonium . 

Order 7. Volvocineae : thallus motile. 

Order 8. CEdogoniece : thallus filamentous. 

Order 9. Coleochseteoe : thallus consisting of rows of 
cells : oospore with a special cellular investment. 
Order 10. Characere : the oosphere has a cellular in- 
vestment before fertilisation. 


(b.) Female organ a carpogonium. 

Order 11. FlorideaB (red Algae) : the female organ has 
a complicated structure : numerous spores produced 
in consequence of fertilisation. 

1 . PHYCOCnROMACEiE, or blue-green Algae. Neither sexual repro- 
d notion nor formation of zoospores is known in this order: multi- 
plication is effected most frequently by 
cell- division, which takes place in some 

cases in more than one plane, but some- J) t'H/ 

times also by means of spores. Several b 

of the genera are unicellular, e.g.> Glceo- ((mfvjj 

capsa (Fig. 74), Chroococcus and others, 

The separate individuals are sometimes ^ 

enveloped in a gelatinous diffluent mem- (’ 
brane, and are thus united into colonies 
or families forming a blackish or dark- ^ * 

blue film on rocks or Mosses. Others jj 

appear as inany-celled filaments : Nostoc c, D, e by repeated div 
(Fig. 75 A) for instance, consists of rows ( From Sacbs -) 
or cells forming brownish gelatinous masses which are often to be 
found after wet weather on paths or sandy soil ; in a dry state 
they are inconspicuous and of a dark colour. The Oscillaricu; 
(Fig. 75 B), the filaments of which exhibit peculiar locomotor move- 
ments. are often seer -s blue-green or brown-green patches floating 
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on stagnant waters and having a very disagreeable smell. Tlio Ki- 
vularieoe form cnshion-like patches consisting of a gelatinous 
^ matrix, in which the filaments are 

|\^rv- dis P osod radially; they occur on 

submerged stones and .water-plants, 
r ' -.i-i Yjuj&m “• ^ ie Conjugate are distin- 

guished by the process of conjuga- 

Fio. 75 .— A Filament of Nnstoc. J? End ,. i • i x i l i l il 

, OA „, ti on which takes place between the 

of a filament of Oseillarm (x 300). 1 

whole of the protoplasmic contents 
of the cells in the process of reproduction. Zoospores are not 
formed. They are subdivided into three families : 

a. The Zyynemncece , consisting of long unbranched filaments which 
occur in large floating patches in many waters, particularly pond j 
and springs ; they are easily recognised by their bright green or 
yellowish colour as well as by the delicacy of their filaments. 
Their chlorophyll-corpuscles have peculiar forms: in Spirogyra they 
are spiral bands (Fig. 40) ; in Zygnema, stars (Fig. 70 A ) ; in 
Mougeotia, plates. 

h. The VesmitUiiceai include unicellular forms, which are often ex- 
tremely beautiful, as Closterium (Fig. 70 f a 

/?), Cosmarium, Staurastrum, Euastrum 

c. The Diatomaceae , in which the chloro- If ( ?ll 1 i 2 

phyll-corpuscles are of a dark-yellow colour. gf 111 I! | 

The individuals are unicellular; the cell- M ^ | | J 




F , r Fv>y 

' X-viprinent nf a filament of Zypnema; in each 

'all are two star-styl J * • 

colourless ni l ia P e d chlorophyll-corpuscles connected 
^ £ Q^ 0S terP la88 protoplasm in which lies the 

DU n rUntes ' or iim, C Euastrum, two Desmids with 


Fig. 77 — Finnulanu, n Dia- 
tom (map. and diap.) ; a latera* 
view, showing the mode oi 
connection of the two hal es 
of the frustule ; s surface view. 


'hloronhyll-phaes. cr u, “* ° WILI1 ^ L¥¥lJ 

" u i of the frustule ; s surface view, 

walls contain ' ic h g jij caj an( j exhibit extremely delicate and 
elegant tiice © , Xlie wall (frustule) of each cell consists of 
two halv cs w lie i n f 0 each other like the two parts of a pill- 

t>0X ^ n i xi i^ 0 T isi° n takes place lengthwise between the two 

\mUes, an ie -formed wall of the daughter-cell is enclosed 
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within the rim of that of the mother-cell, so that the two halves 
of the cell-wall are of different ages. In consequence of repeated 
division the individuals must grow smaller; when this diminution 
lias gone on to a certain extent the formation of auxosporcs takes 
place, that is. of very large cells, either by means of growth alon^ 
or as the result of conjugation and subsequent growth. In some 
genera, e. 7 ., Navicula and Pinnularia (Fig. 77) the individuals are 
solitary and they are endowed with a peculiar creeping mode of 
locomotion. In others, as Melosira, they are arranged in long 
filaments. They occur frequently and in great numbers in all 
waters, fresh as well as salt, sometimes also in damp soil between 
Mosses. The siliceous frustulcs of Diatoms have been preserved 
from the early geological epochs and exist in various parts of the 
world in great masses, under the name of infusorial earth. 

3. The Zoospores are reproduced by means of zoospores which, 
in the case of many forms at least, conjugate, and give rise to 
resting zygospores. 

Some families, such as the Ili/droilictt/ow consist of unicellular 
forms which generally live together in colonies (Fig. 78 A). The 
whole colony is usually actively 
motile by means of the cilia of 
its individual members. Periods 
of rest sometimes alternate with 
periods of movement, and these 
resting forms were formerly re- 
garded as being distinct plants; 
such are many Palmellaeeae and 
perhaps Fleurococcns vithjans , 
which is constantly found as a 
green growth on the trunks of 
trees and in similar situations. 

Hoematococcus lives in puddles; 

. _ Fig. 78 — Pandorina morum (x 400). A , h 

the resting- cel Is are ot a pur- m otiio colony (coenobium) : B, two zoospore*, 
pi ish-red colour and where they formed t>y the division of the cells of A . in 
. • , process of conjugation, 

occar m masses they impart a 

red hue to the water or to the snow (red snow). 

The Confervcce are filiform Algoe which arc widely distributed in 
all voters, being especially abundant near their margins; the 
zoospores are formed in the individual cells, either in considerable 
numbers or one only in each. The filaments of Cladophora are 
much branched and are harsh to the touch. The filaments o* 
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Ulotlirix are simple; in tliis plant certain iarger zoospores re- 
produce it vegc ta tively, whereas the smaller ones conjugate and 
reproduce it sexually; Chroolepus is orange-coloured, and grows 
on damp rocks, etc., in velvety patches. 

In the Ulvacece the polyliedric cells are united into flat ex- 
pansions ; in Ulva Lacluca, which is a common green sea-weed, the 
membranous expansion may be simple or more or less branched , in 
Knteromorpha it forms the wall of a tube. 

4. The Hot r y D i AC e as are represented in fresh water by llotrydium 
alone. This is a small unicellular plant, looking like a green 

spheroidal 
vesicle with 
colourless 
root - 1 i k o 
outgrowths 
which at- 
tach it to 
the mud in 
pools. It is 
reproduced 
in several 
ways ; the 
most re- 
markable, 
perhaps, is 
the forma- 
tion wjtliin 
the vesicle 
of the so- 
called 
“ spores, ” 
each of 
which g ves 
rise to a 
large mm- 

Fir,. 79 Fucus vesciculoms, about hair nut. aize. b Air-Vaddcrs. /For- i p 
tile brunch. ber of con- 

jugating zoospores. 

5. Melanophyce^e. These are the brown sea-weeds. Their chlcro- 
phyll-corpuscles are of an olive-green colour. They are usuall} of 
a considerable size, and present great variety of form. The thal.ni 
consists sometimes simply of rows of cells, sometimes of masses of 
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tissue , it often attains gigantic dimensions, and appears to branch 
dichotomously. The cell-walls are very mucilaginous. Some are 
provided with large cavities filled with air (Fig. 79 h), by means of 
which they are enabled to float. 

The reprodnctive organs are borne by certain branches of the 
Phallus (Fig. 79). They are developed in peculiar depressions of 
the surface, the conceptaclcs. The antherozoids are formed in certain 
cells termed antheridia, and the oosphercs in certain cells termed 
oogonia. The oosphercs are extruded from the oogonia and are 
then fertilised by the antherozoids. The oospore at once developes 
into a new individual. 

The different species of Focus and of Laminaria are typical 
representatives of this order. 

6. The Si err one,*: are unicellular, but the tubular cells are large 
and much branched. The different species of Vaucheria (Fig. 80) 



Fig. ST — Tan hn in .vs* <1 is ( x 30). A *j> A newly -formed zoospore. I? A renting zoo- 
spore. C The commencement. 1) ami E more advanced stages of gcrmimitinn : .-)» 
roosporc ; * apex of the green filament ; w its colourless part answering to a root. 
b' Tubular cell with sexual organs ; og oogonium ; h antheriilium shortly after fertilisation. 
(Alter Sachs.) 

are frequently found in springs, in wells, and on damp soil, in large 
dark-green patches. Zoospores are developed in special cells 
formed by the cutting off, by means of septa, of some of the branch- 
ings of the main cell (Fig. 80 A ). Sexual reproduction is 
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effected by anlheridia and oogonia. The anlheridia are cells, 
usually curved into a hook-shape, which are developed as lateral 
branches. Within them the anthcrozoids, which are subsequently 
discharged, are formed. The oogonia are spherical cells, developed 

close to the antheridia, 
in which the oosphere 
is formed by rejuven- 
escence (Fig. 80 Jh\ 0(f ) . 
After fertilisation the 
oosphere becomes sur- 
rounded by a proper 
membrane, and is then 
known as the oospore. 
Whether or not the very 
large forms found in the 
sea, e.g., Caulerpa, con- 
sisting of a single much- 
branched cell, really be- 
long to this order, is at 
present uncertain, for 
their reproduction has 
not been fully investi- 
gated as yet. 

The order of the Si- 
phoneue appears to bo 
more closely allied to 
the SaprolcgnieiB (Fun- 
gi) than to the other 
Alg*. 

7. The VoiiVOCiNEiis, 

Fia. HI.— .! illdoijonnim cilialum (x 250). A Middle part 
of a sexual filament with two oogonia (og) fertilised by the US represented by the 
dwarf male plants (?n), doveloped from zoospores formed jrgnus Volvox, are 
in the coll in at the upper part of tbo filament. B Oogo- IV 1 * 4l ' • 

nimn at the moment of fertilisation ; o the oosphere ; og the Closely alllCU in ttlCil 
oogonium ; 2 the fttitherozoid in the act of forcing its way structure to the Zoo- 
in : m dwarf male plant. C Ripe oospore. D Tiece of the i • i v 

mule filament of Old. gemelliparum , z antherozoids. E s pOr0<© ^ 1 IV C m 

Branch of a Bulbocluete, with one oogonium still containing colonies ; the Colony 
a spore, another m the act of allowing it to escape ; in the J iere f^kes the form of 
lower part an empty oogonium. F The four zoospores ’ ^ 

formed from an oospore. G Zoospore 1‘rom an oospore U hollow Sphere. ter- 
come to rest. (After Pnngshoim.) tilisation is, however, 

not effected by the conjugation of zoospores; but the oosphere. 
which is stationary, is fertilised by antherozoids. 
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8. The (EdogoniejE occur in green patches in springs and other 
waters. These patches are composed of cellular filaments, of which 
the separate cells sometimes produce zoospores, and sometimes 
become oogouia, the contents of each one being converted into an 
oospliere by rejuvenescence (Fig. 81 B). The antherozoids, which 
resemble the zoospores but are smaller, are produced in some 
species by repeated division in the cells of the filaments (Fig. 81 D)\ 
but in other species the cells of the filament give rise to peculiar 
zoospores which adhere to the oogonium and grow into dwarf malm 
consisting of but few cells (Fig. 81 A w), in which the anthero- 
zoids are formed. 

9. The CoLEOCN.iiTK.E form hemispherical or disk-shaped cushions 
of a beautiful green colour on submerged stones and water-plants. 



Fi(i. 82.— A Upper portion of a branch of NiUlla Jlttj-iUs (nat. size) ; ss the t toni ; 6 the 
leaves; with the female, and a the male organa. 13 Part of a fertile leaf xx of C/wr.i 
rragilis (x 60) ; b 1 / the leaves: the female organ contains the oosphere E. The peculiarly 
twisted investing-cells of the oogonium end in a littlo corona, hr: a the anthcridium. 
(After Sachs.) 

The female organ is unicellular, and presents a long tubular pro- 
jection open at the apex, tlie in'clingyne. Aff'er fertilisation the 
oosphere in the basal dilated part of the oogonium becomes invested 
by a special membrane ; the oogonium becomes surrounded by out- 
growths from neighbouring cells, so that it is enclosed in a cellular 
integument. On germination, the oospore divides, and from the 
cells thus formed there escape zoospores, which subsequently give 
rise to new individuals. 
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10 . Ciiaraceje. These are the only green Algoe which, like the 
Floridcae, have members that can be regarded as leaves. In the 
genus Nitella (Fig. 82 A ), inhabiting waters, which are not hard, 
each internode of the stem consists of a single cylindrical cell (Fig. 
82 A s), the wall of which is lined by a compact layer of chloro- 
phyll-corpnaclcR. The so-called leaves (Yig. H2. /\,V) iorm w\\Ov\fi 
at the nodes and each consists of a row, sometimes branched, of 
elongated cells all similar in form. In the other genus, Chara, of 
which numerous species occur in many waters, and which are 
remarkable for their unpleasant smell, the stem and leaves are 
covered with small cortical cells. In all the long cells a rapid 
rotation of the protoplasm is perceptible. The female organ is an 
egg-shaped body (Fig. 82 B ) ; it possesses a covering of cells 
twisted spirally, which encloses the oogonium. The oosphere be- 
comes an oospore in conseqnence of fertilisation, and remains 
enclosed in the integument. The antheridia (Fig. 82 a) are visible 
as small red spheres; within them the spiral antberozoids are 



Fffl. - Fr:i(*t,ifle;it.ion of Neinnlion. 
A The eiul of a branch with a male and 
a fenmlo or^nn; ihe former produces 
the fintherozoiila, the lattor consists of 
the trichopyne t, to which tho anthero- 


produced in rows of cells. 

11. The Florid K iE, or red Algie, 
are of a beautiful red or violet 
colour, and live in the sea; only a 
few forms, such as Butrachosp annum 
momUforme , of a purplish-brown hue, 
are found in fresh water. Many re- 
presentatives of this class are dis- 
tinguished by their graceful branch- 
ing ; and in several genera, c.7., Poly- 
siplionia, it is of such a nature as 
almost to justify the designation of 
some of the branches as leaves, lie- 
production is effected in a peculiar 
manner. The female organ, which is 
termed a carpogonium, is frequently 
multicellular. Fertilisation takes 
place by means of antberozoids 
which, having no cilia, are not motile 


a adhere to effect fertilisation, find (Fig. 83 A s). They attach tliem- 

of the base o, from which the cystocarp i x . 

(IJ and C)i8 developed (x 300). selves to a projecting cell of tho 

female organ, the tricliogyne (Fig. 
8;! /), which is, however, not open, like that of Colcocliaste, but com- 
pletely closed ; in consequence of fertilisation, a cystocurp is formed 
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from the basal portion of the trichogyne, or more frequently from 
cells which surround its base, or from others more remote from 
it. The cystocarps are either masses of carpospores (Fig. 83 C o ), 
or receptacles, within which carpospores are formed. The asexually- 
produced spores ( tetraspores ) are also devoid of clWa, and are pas- 
sively floated about by the water. 

Callithamnion corynihosum , Ceramium rubrurn , Chondrus crispus (used in 
medicine as Carrageen Moss), Plocainiinn coccineuui , J)e lesseria hypoglossurn and 
Corallina rubens, are common representatives of this class in European seas. 


Class II.— FUNGI. 

This class, like the preceding, includes many very simple 
organisms, as well as others of tolerably high development. None 
of them contain chlorophyll, and their inode of life is correlated 
with this peculiarity. They must take up their nourishment, and 
more especially their Carbon, in the form of organic compounds. 
Some, termed Parasites, such as Rust and Smut, absorb it from 
living organisms, plants or animals. Others, called Saprophytes , 
absorb it from the remains of dead organisms, or from organic 
compounds formed by living organisms : the bark of trees and the 
humus or leaf-soil of forests and meadows are examples of the former 
case, and they support numerous and often large Fungi; the juice 
of fruits and saccharine solutions are examples of the latter ease, 
and in these Moulds and Yeasts often make their appearance (see 
§ 33). 

In Fungi the cells are usually arranged in rows, so as to form 
long filaments called hyplav : these are loosely ami irregularly 
interwoven (tela emitexta ), as in the common Mould; but some- 
times they arc firmly connected into a mass of considerable size, of 
definite external form and internal structure, as in Mushrooms. A 
few Fungi only consist of small isolated cells, or of long branched 
tubular cells, like the Siphonem among the Algjie. The t hall ns 
developed from the spore, when it is not unicellular, consists of 
hyplin?, and is called a mycelium . The organs of reproduction are 
usually developed upon some part of the mycelium, but, if circum- 
stances be unfavourable, tbe mycelium may continue to vegetate 
for a long time, attaining a most luxuriant growth, without bear- 
ing any reproductive organs. The white felt-like growth which 
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often clothes the walls of damp cellars is a sterile mycelium of this 
kind. 

The reproductive cells of Fungi are formed in two ways: in the 
one, the protoplasm of the mother-cell divides into a number of cells, 
that is, free-cell formation takes place within it (spores, ascosporcs) ; 
m the other, segments are cut off from the mother-cell by abstric- 
tion (stylospores), a process which differs from that of ordinary 
cell-divisions only in the marked constriction of the cell in the plane 
of division. The cells which undergo this abstriction are called 
hasidia , and they frequently bear a delicate projection, the stcrigma , 
at the end of which the spore is borne. In some Fungi the cells 
formed by the first of these two methods are naked masses of proto- 
plasm, and move actively in water ; they are called zoospores- The 
lowest Fungi are not reproduced sexually, and this is probably also 
true of some which are more highly organized. Sexual reproduc- 
tion is exhibited in the form of conjugation by the Zygomycetes, 
in which branches of the mycelium coalesce, and in the form of 
fertilisation, closely resembling conjugation, in other Phycomycetes 
as well as in many Ascomycetes. Other Ascomycctes (and perhaps 
the Uredincro) have female organs which resemble the carpogonia 
of the Floridere, and which are fertilised by small cells, the spermatid, 
which are passively conveyed from place to place. These cells are 
formed by abstriction in certain receptacles called spermogonia. In 
the following account of the various groups of Fungi, as in the case 
of the Algae, the reproductive cells which are produced asexual ly 
are spoken of as spores or conidia (stylospores, zoospores, etc.), 
whereas those which are produced sexually are spoken of as zygo- 
spores, oospores, earpospores ( nscospores , ceddiospores) . 


The following remarks are explanatory of the arrangement of the Fungi which 
is adopted here. In the Phycomycetes sexual reproduction is effected by the 
conjugation of two hyphaB, or by a process which differs but little from this. 
The product is a resting-spore which, on germination, may give rise to an in- 
dividual bearing conidia, or simply to a sporangium. 

The Ascomycetes are probably nearly related to the Phycomycetes. In them 
the sexual process is of much the same kind ; but the product is not a single 
cell, but a number of cells (ascospores) contained in receptacles called asci. 
These asci are more or less enclosed in the mycelial tissue, and these together 
form a fructification. The mycelium bears, in addition to the sexual organs, 
numerous organs which reproduce it vegetatively. 

The greatest difficulties are offered by those Fungi the reproductive cells of 
winch are formed by abstriction. In the Uredinczo the jncidium-fruit is probably 
the sexually-developed fructification, or it is at least analogous to such a fructi- 
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ficntion, whereas the other fructifications are probably produced ascxually. 
No sexual organs have been discovered as yet in the Basidiomycetes, and their 
large fructifications may therefore be regarded as organs effecting asexual 
reproduction. 

As to the relationship between Fungi and Algae, the Schizomycetes and the 
Phycochromace e appear to be allied, and they are connected by intermediate 
forms. Resemblances also exist between the Chytridiace© and the lowest Zoo- 
spore©. It seems probable that the divergence of the two classes began at tha 
first indication of sexual differentiation. In the lower Alg© the zoospores con- 
jugate, and the connection of the more complicate sexual processes of the higher 
Alg© with this simplest form can be readily traced. In the lower Fungi, except 
ing the Chytridiace© and the Myxomycetes, the cells which correspond to the 
mother-cells of the zoospores of the Alg© are those which conjugate. 

The Entomophtliore© are perhaps intermediate forms between those Fungi iu 
which the conidia are formed in the interior of mother-cells and those in which 
they are formed by abstriction. Their sporangia may be compared with those 
of the Peronospore© on the one hand, and with the conidia of the Urediue© and 
P>asidiomycL‘tes on the other. 

The following is an attempt to classify tlie Fungi in accordance 
with tlio present state of our knowledge: 

I. Sexual reproduction unknown : multiplication by cell-division 
or by spores. 

Order 1. Schizomycetes. 

Order 2. Saccharomycetes. 

11 The mycelium (if present) consists of a single tubular, much- 
branched cell : spores arc formed in sporangia : sexual 
reproduction occurs m the form of conjugation, or of fer- 
tilisation, the product being (except in Myxomycetes) a 
resting spore (P hy corny cetes). 

(a ) Sexual reproduction by conjugation. 

Order 3. Zygomycetes. Mycelium, a tubular cell: spores 
non- motile (the sporangium is sometimes thrown 
off as a conidium). 

Order 4. Chytridiace®. Mycelium usually absent: zoo- 
spores. 

Order 5. Myxomycetes. No mycelium. The plnsmodium, 
formed by the coalescence of the amoeboid masses 
of protoplasm set free from the spores, is motile. 

(b ) Sexual n production by fertilisation. 

Order 6. Saprolegnieae. Mvcelium, a tubular cell : zoo- 
spores. 



I ‘24 


PART IV. — THE CLASSIFICATION OF PLANTS. 


Order 7. Peronosporeae. Mycelium, a tubular cell : zoo 
spores are formed in the sporangium which is 
thrown off as a conidium. 

Order 8. (?) Entomopbtbore®. 

I IT. The mycelium consists of multicellular liyplire. The presence 
of sexual organs lias heert ascertained in some members only, 
(a.) Syores formed in the a<ci of ir fracfi/te<tfi<>n. 

Order 9. Ascomrcetes. 

(b ) Orn-'-f b-j •OfiOdion or l,y ,.,y ,l r 

Oulcr 10. Ustilairinpap. The spores are foniunl !._v division 
of the hyphie. 

Order 11. Uredineae. The spores, which are usually of 
different kinds, are formed by abstriction or by 
cell-division at one point only of each basidium, 
partly in small fructifications (perhaps sexually 
produced) and partly on the mycelium. 

Order 12. Basidiomycet.es. The spores, which are all of 
one kind, are formed by abstriction at different 
points on each basidium in asexual fructifications. 

1. The Scttizomycetes are very minute organisms, of which little 
more than the outline can bo detected ; they are therefore very 

easily confused with altogether different ob- 
jects. The cells may be either isolated, and 
then spherical (Micrococcus, Fig. 84 a), or rod- 
C 03®^ like (Bacterium, Fig. 84 Z>), or united into 
Fig. — Sch izomy coins filaments which may he straight (Bacillus) or 

(x 500 ). a Micrococcus; spirally wound (Spirillum, Fig. 84 c). Tliov 
b Bacterium; c Spirillum. , , ,. . . ’ 

generally multiply by division, but in Bacillus 
spores are formed : certain cells of the filaments undergo divisions, 
and the cells thus formed are distinguished by their longer persist- 
ence, and their power of resisting injurious influences. Some 
torms produce colouring-matters in the course of their life (such 
as that causing the red colour of mouldy bread); others play a 
part in certain infectious diseases, such as Diphtheria, Cholera, 
Typhus, etc. 

2. Saccharomycetes. These Fungi occur in fermenting sub- 
stances. The mycelium consists of branched rows of oval cells, 
produced by successive budding: the cells separate very easily 
from each other. Spores are produced in the cells under cer- 
tain circumstances- they are four in number in each cell. These 




o. ZjTGOMYCETES. Of these, the most common and the most im- 
portant are the species of the genus Mncor, such as Mucor Muccdo , 
racamosus , slolotu/er , which occur as mould on preserves, bread, etc. 
The mycelium is much branched, but consists only of a single cell 
(Fig. 8G ?u) : it grows in the substance and, when mature, throws 



Fio. 80 .— Mucor Mucedo. m Mycelium bearing a 
sporangium («). 


np aerial branches. These become enlarged at their free ends, 
and by the cutting off of the enlargement by a curved partition, 
the sporangium is formed, within which numerous spores are 
formed (Fig. 8G s ). On germination, each spore gives rise to a 
now mycelium, which, in its turn, bears sporangia and spores. 
Under certain circumstances the mycelium bears zygospores (Fig. 
87 2 ). Two branches of the mycelium come into contact at their 
free ends, and a cell is cut off in each by the formation of a septum : 
the two cells coalesce (conjugate) to form a single cell, the zygo 
spore : its cell- wall becomes much thickened. After a long period 
of quiescence it germinates, and it usually produces a single hyplia 
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bearing a sporangium quite similar to those borne by the ordinary 
mycelium. 

4. The Chytridiace.e are among the lowest of the Phycornycetes. 
Some of them consist of a single spherical or oval cell, which itself 
becomes a sporangium, its protoplasm giving rise to a number of 
zoospores. When one of these zoospores comes to rest, it assumes 
the spherical form. Conjugation of both motile and stationary cells 
lias been observed in members of this Order, the former in Polv- 


t’lAP ' V- T"! 



F.«. 88. —.1 Part of a plasmodiutn of Didijmium leuropns ( x B A closed sporangium 

of Aratria incarnata. C The Rime after the rupture of its wallB ()>) and expansion of the* 
capillitium cp (x ‘JO). (After Sachs.) 

pliagns and Zygochytriurn, the latter in Tetrachytrinm. These 
forms live in water either as saprophytes, or as parasites upon 
aquatic plants. The genns Synch ytrium includes forms which are 
parasitic upon land-plants, such as Anemone and Taraxacum : in 
these the single cell gives rise to several sporangia. 

5. Myxomycetks. In the mode of development of their spores 
these plants resemble the Zygomycetes, but in their structure they 
differ widely from all other Fungi. In the vegetative condition 
they do not consist n r cells or tissues but they are simply masses 
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of naked protoplasm, called plasmodia (Fig. 88 A ), creeping from 
place to place on the substratum, which may be tan, earth, decayed 
leaves, etc. At the same time a rapid streaming may be observed 
in the protoplasm itself. When it is reproducing itself, the whole 
plasmodium is converted into sporangia, which are spherical bodies 
resembling the fructifications of Truffles (Fig. 88 JO ) ; in these the 
spores are formed. In some cases the whole of the contents of 
I be sporangium are converted into spores; in others, a part ol 
them go to form the capillitium (Fig. 88 cp), which is a network of 
filaments. On germination, the protoplasm of each spore is set 
free, and either creeps about in an amoeboid manner, or swims as 
a zoospore. These isolated masses of protoplasm unite in great 
numbers to form the large plasmodia. 

JEthalinm septicum , tlie “flowers of tan, 1 ' occurs in the form of yellow plas- 
modia, which may be several square mche3 in extent, on spent tan : it forms 
masses of sporangia which are yellow externally and dark brown internally. 

Trichia rubiformis and Duhjmun n serpula are smaller forms which are 
commonly found in forests. The sporangia of the former are brown oval 
bodies, from 2-3 mm. m length ; they occur in groups on leaves or among Mohs 


6. The Sa prole ( ixi are aquatic Fungi. The branched unicellu- 
lar mycelium forms a dense growth upon the dead bodies of small 
animals or on parts of plants which are in water. Correlated with 
their mode of life is the fact that the reproductive cells formed 
in their sporangia arc zoospores. Sexual re- 
production is effected not by conjugation but 
by fertilisation. The organs are of two kinds : 
there are oogonia, which are spherical cells 
each containing several oospheres, and there 
are antheridia from which protuberances are 
developed which enter the oogonia and effect 
the fertilisation of the oospheres. The re- 
sulting oospores germinate after a period of 
quiescence and develope either zoospores or a 
mycelium bearing sporangia. 

7. The Pekonostoues aro parasitic upon Pio of rhy . 

other plants. The unicellular mycelium per- tophthora in/cstans bearing 
meates the intercellular spaces of their tissues sporangia projecting from a 

1 m stoma (s) of the leaf of the 

and absorbs nourishment by means of special Potato ; c the sporangia 
organs from the neighbouring cells. Spor- 160 h 

angia are formed on certain branches which usually project through 
the stomata of th' N host (Fig. 89) : those are thrown off entire and 
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are therefore usually spoken of as conidia. If they fall into a drop 
of water zoospores are formed within them, which are set free: 
when these come to rest they attach themselves to the cuticle of 
their host, become invested by a delicate membrane, and then 
germinate. In some no formation of zoospores takes place, the 
sporangium itself developing a mycelium. In the forms in which 
sexual reproduction is known, the antlieridium applies itself to the 
oogonium, and the oosphere contained in the latter becomes fer- 
tilised and is converted into an oospore. The germination of the 
oospore takes place after a long period of quiescence; usually 
zoospores are formed within it. 

In the genus Peronospora, which is represented by many species (P. parasitica 
on Capsella, P. mvea on Umbelliferae, etc.), only one sporangium is borne by 
each branch of the hypha which protrudes through a stoma. In Phytophthora 
the sporangia are displaced laterally by branches which arise from the hyphie 
bearing the sporangia, at their points of origin. To this genus belongs P. 
in festans, wJtnch produces the potato disease. The tissues of the host undergo 
decomposition in the infected parts and turn black : the mycelium of the 
Fungus extends from the circumference of these spots, and throws up hyphao 
bearing sporangia through the stomata (Fig. 89). The zoospores developed 
in the sporangia of the parasite find their way to healthy plants : they also 
penetrate through the soil to the tubers, and the mycelium which is developed 
from them extends into the young potato-plant which grows from the tuber. 
No sexual reproductive organs have been observed in this Fungus as yet. 
Phytophthora Fagi infects and destroys the seedlings of the Beech. In Cys- 
topus ( C . Candidas on Capsella and other Crucifers, C. cubicus on Composit©) 
hyphffi bearing sporangia arc formed in great numbers close together under the 
epidermis, and cause its rupture : each hypha bears a number of sporangia. 

8. The EntomophthorejE are parasitic upon Insects. Empusa 
Muscat, for instance, infests house-flies more especially in the 
autumn. The sporangia are formed by abstriction from cells which 
protrude from the body of the fly. Within them spores are formed 
which are projected against the under-surface of the bodies of 
living flies, the only part at which penetration is possible. In 
other species resting- spores have been detected which are possibly 
of sexual origin. 

9. The Ascomycetes have a mycelium consisting of multicellular 
liyphce, on which a fructification is formed (ascertained with regard 
to some and hardly to be doubted with regard to the others) in con- 
sequence of fertilisation. The formation of the ascospores takes 
place within certain cells of the fructification called ascl. Free 
cell-formation takes nlace within them, usnally eight spores being 
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formed. Kach of these surrounds itself with a proper cell-wall 
(Fig. 39) ; sometimes they undergo division. They are usually 
extruded from the asci. Fertilisation may take place in two ways. 
In the one, two contiguous branches of the mycelium become in 
timately connected : of these one, which is usually the larger, is the 
female organ, it is frequently spirally rolled, and is designated as 
the ascogonium (Fig. 90 B and G as) ; the other smaller one, which 



Fig. tfo .— Eurotium repens. A A portion of the mycelium with hyphre (c) bearing conidia ,* 
the conidia have alroady fallen off from the sterigmata [st) ; as, a young ascogonium. 
B Ascogonium (as) with a pollinodiura (p). C Another, with byphse growing up round it. 
D A fructification seen on the exterior. E, F Sections of unripe fructifications ; to the 
investment; / filaments arising from the ascogonium, which subsequently bear the asci. 
Q An ascus. H A ripe ascospore (magnified). (After Sachs.) 

attaches itself to the ascogonium, is the male organ, the pollinodiuni 
(Fig. 90 B and G p). In the other way, the female branch of the 
mycelium is spirally wound and ends in a projecting filament quite 
similar to the trieliogyne of the Floridea? (see page 120), to which 
the* sperm atia become attached. The spermatia are small cells. 

K 
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incapable of spontaneous motion, formed by abstriction in special 
receptacles known as the spermogonia (Fig. 99). This occurs in 
the Lichens. Whilst the fertilised ascogonium developes and finally 
produces the asci (which are often arranged in a special laye** 
called the hymcnium , in which they are mingled with sterile fila- 
ments, the paraphyses ), the surrounding hyphae grow to form an in- 
vestment which wholly or partly encloses the product of fertilisation, 
and with these constitutes the fructification. The fructification 
either remains closed or has a very narrow opening, when it is said 
to be an gw carp o us, and is termed a perithecium ; or it opens so as to 
expose the asci, when it is said to be gymnocarpous % and is termed 
an apothecium. 

The mycelium also bears asexual reproductive cells, which are 
termed conidi a or stylospores , because they are formed singly or 
m rows by abstriction from certain branches of the mycelium the 
sterigmala (Fig. 90 A, st). Many of the commonest forms of mould 
are the conidia-bearing forms of Ascomycetes which bear sexual 
organs and fructification only under exceptional conditions. Be- 
sides these, in many Ascomycetes stylospores are formed by abstric- 
tion in special receptacles known as pycnidia. 

The following classification of the Ascomycetes is only pro- 
visional. A great number of them, characterized by a peculiar 
mode of existence, were formerly regarded as a distinct class, and 
Lnown as Lichens ; these will be considered separately last of all. 
The Ascomycetes proper are commonly divided into four groups. 

(a) Erysiphecv, or Mildews. The fructification, which is a peri- 
thecium, has no hymenium : the asci are distributed apparently 
without order in every direction, and are often few in number ; the 
perithecium, the wall of which often has characteristic filamentous 
appendages, opens by irregular rupture, or in some cases not at 
all, so that the spores are only liberated by its decay. 

Species of the genus Erysiphe and allied genera live on the surface of many 
plants, as the leaves of the Rose, the Hop, and others, and form a delicate white 
film known as mildew. The hyphro of the mycelium throw out minute processes 
as suckers. The fructifications are visible to the naked eye as blackish specks. 
The conidia-bearing form of an Erysiphe of which the fructification is as yet 
unknown, which has been provisionally named Oidium Tuckeri , lives on the 
leaves and young fruit of the grape-vine, causing the well-known vine disease. 

To this division belongs a not uncommon mould, Eurotium Aspergillus (Fig. 
90) : in this form the conidia are abstricted in rows on a spherical swelling of 
the fertile hypha which bears the sterigmata. The commonest mould is Peni- 
ullium glaucum , but it is doubtful whether it belongs to this group. It heart 
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fufts of branched hyphce, on which the conidia are formed in rows (Fig. 91). In 
this stage it occurs as a greenish grey film covering the substratum on which it 
grows, such as moist damp substances and fluids of all kinds. The fructifica- 
tion, only lately discovered, is as large as a pin’s head and consists of a mass oi 
pseudo-parenchymatous tissue which is 


traversed and absorbed by the ascogenous 
liyphre with the exception of the most 
external layer which remains as a wall. 

( b ) The Tuber acece , or Truffles, 
have an underground, more or less 
spherical, completely closed perithe- 
cium, in which the liymenia bearing 
the asci line the surface of labyrinth- 
ine passages through the mass. The 
sexual organs and any other organs 
of reproduction are not known. 

Tuber ceativum , brumale , and other 
species are eatable, and are known as 
Truffles ; Elaphomyces granulatas , about 
the size of a walnut, is not rare. 



Fig. 91.— Fertile hyplia of rcnicillium 
ylaucum. s The rows of conidia ; m purt of 
a hy pha of the mycelium t x 150). 


(c) Pyreuomycetcs. The hymeniuin lines the inner surface of 
flask-sliaped or spherical receptacles, the perithecia (Fig. 0*2 0, cp\ 
which open at the apex. These perithecia occurs singly or in great 
numbers on a peculiarly constructed body, the stroma . 


Among the simple forms with solitary perithecia must he mentioned th< 
genera Sphscria and Spliccrella, many species of which appear on dead leaves as 
black spots ; Calosphairia, which forms its long slender perithecia in groups 
on the wood and bark of cherry-trees ; Pleospora and Funiago, of which the 
mycelium and conidia constitute the black film known as Smut, which occurs 
on various parts of plants. 

In the compound forms, those, that is, which have a stroma, the stroma 
forms warty incrustations or patches of irregular outline, which have a punc- 
tuated appearance owing to the numerous openings of the perithecia; Diatrype 
( lisciformis , which forms black warts as large as peas, belongs to this group, 
it is very common on dead houghs; also Nectria cinnabar ina , which has a 
bright red stroma, and occurs on many kinds of dead wood; Nectria ditissima 
causes a disease on the branches of Beech-trees. In other cases the stroma 
dovelopes into an upright club-shaped or branched tufted body, like the stromata 
of Xylaria, for instance, which occur very frequently on the trunks of trees ; 
the conidia often appear as a mealy dust on the upper portion. Clavice.pt 
purpurea, known as Ergot, or officinally as Secale cornutum , also belongs here. 
The mycelium of this fungus covers the young ovaries of the live or other 
cereals which it attacks, and bears conidia which are imbedded in a mucilaginous 
substance, forming what is known as Iloney-dew. By means of these, othei 
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plants may become infected. In course of time the fungus pervades the whole 
tissue of the ovary, and after it has destroyed it, it forms a hard mass of tissue 
of about 1-2 centimetres in length and of a dark violet hue, the sclerotium , 
which is known as Ergot. This sclerotium, alter it has fallen to the ground, 
gives rise in the following year to a few stromata, which resemble little knobs 
borne on stalks (Fig. 92 A ) ; and the perithecia, which are very numerous, are 
imbedded in the tissue at the surface (Fig. 92 B, cp). The ascospores which are 
developed in these find their way to young Bye plants, and their mycelium, 
penetrating through the leaf-sheaths, extends to the flower, where again the 
Honey-dew is formed. The various species of Cordyceps infect the larv© of 
insects. 

(d) The Discomycetcs differ from the preceding only in that the 



Fig. 02. — Clavireps purpurea. A A Sclerotium (c) (x 2) ben ring stromat a (cl). B Section 
of a stroma; cp the perithecia. C A perithocium more highly magnified. ]) An uncus 
ruptured; the elongated spores (tip) are escaping. (Sachs.) 

hymenium covers the surface of the discoid or cup-shaped fructifi. 
cation which is an apotliecium (Fig. 93 h). 

1. The Phandincea grow upon various parts of plants, to which the small 
black fructification is closely attached, lihytisma Aarinum appears in the 
form of round dark spots on the leaves of the Maple The mycelium is 
probably parasitic, but the development of the fructification docs not take 
place until after the leaves have fallen. The same is the case with Ilysterium 
nf.rvtieq uium, which inhabits the leaves of the Silver Fir, with II. macrosporum , 
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which inhabits those of the Spruce, and with H. Pinas tri , whicn inhabits those 
of the Pine. They cause the leaves to turn brown and to fall off. The apotliecia 
are somewhat elongated, and cause the rupture of the epidermis. 

2. The PezizacetB have fleshy or 

waxy eup-sliaped apothecia. They 
grow upon different substrata, Asco- 
bolus upon dung, some species of 
Peziza upon earth, others upon parts 
of plants (P. Willkommi causes the 
so-called cancer of the stems of the 
Larch), Bulgaria, with a gelatinous 
orbicular fructification, upon dead 
branches. Fig. 93.— Longitudinal section of the fructi- 

3. The IlttveUaeea have usually n™tio„ of Pczha couvvulu; h tho liymctnum. 

... , (After Sachs.) 

club-shaped apothecia, the smooth or 

reticulate surface of which is covered by the hymenium. To this group be- 
long the (esculent) species of the genus Morchella, the Morell, Helvetia, etc. 



Tho Lichens were formerly regarded as a distinct class ; bat 
recent investigations have shown that they are Asconivcctes be- 


longing to the Pyrenomy- 
cetes and Discomyeetos 
which are parasitic on 
Algos. These Algoe are 
enclosed in the thallus of 
the Lichen, and were for- 
merly termed gmudia (Fig. 
94 g). The gonidia are 
either solitary spherical 
green cells belonging to 
the Palmellaeero (Algie), 
or they are cellular fila- 
ments : if they are of a 
red colour they belong to 
the genus Cliroolepus, if 
of a bluish-green they be- 
long to the genus Nostoc 
or to some other genus 
of the Phycochromacese. 



They may be either 
irregularly distributed 
throughout the thallus, 
when it is said to be 


Fig. 94.— Transverse section of the thallus of Sticta 
fitliginosa (x 600). o Cortex of tho upper surface; u 
under surface ; m network of hyphao forming tho 
medullary layer; g gonidia; r root-like outgrowths 
(rhizines) of the under surface. (After Sachs.) 


komoiomerous ; or they may be arranged in definite layers in the 
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mycelium, wlicn tlie thallus is said to be heteromerous (Fig. 94). The 
organs of reproduction belong entirely to the Fungus, and the carpo- 
spores are produced in asci. The asci in some cases are contained 
in apothecia (in the Discomycetes) ; in others they are enclosed ir. 
pcrithecia (Pyrenomycctcs) (Gymnocarpous and Angiocarpous 
Lichens). In these, as in other Ascomycetes, spermogonia occur: 
in the Lichens they are receptacles, probably to be regarded as male 
organs, in which spermatia are formed by abstriction The female 
organ, which is termed a carpogonium, is a hypha which forms two 
or more coils of short cells in the thallus, and then proceeds straight 
to the surface, beyond which the terminal cell projects ; the coiled 
part is termed the ascogoriium, the straight part is termed the tri- 
cliogyne. It resembles the female organ of the Florideae in that it 
is multicellular, and the same term is made use of in the two cases. 
The spermatia are brought by means of water into contact with the 
trichogyne, and the contents of one or more spermatia pass into it. 
The result of this fertilisation is the development of an apotliecium, 
the asci of which are alone developed from the ascogonium, whereas 
the rest of the apotliecium is formed by a special development of 
other hypha) lying around it. The trichogyne takes no part in the 
w A -n, . formation of the fructifica- 


tion ‘ Lichcns are ais ° r °p r °- 

duced by means of sored ia : 
these are small groups of 
gonidia invested by hy pirns, 
B which are set free from the 
thallus and grow into a new 

Lichens grow on trees, 

Fm. M.-A-T) Soredia of Vsnea bnrbnta. A A roC ks, walls, and On the 
simple soredinm, consisting of a gonidium covered , 

with a web of hyphae. Jf A soredium, in which the Garth amongst Mosses : they 
ponidinm lms multiplied by division. C A group of may become Completely 
simple sored in, resulting from tho penetration of i • j 

the hyphm between the ponidia. D, E Germinating W1 diout having 

sored in; tho hypha? are forming an apex of growth, tlicir vitality destroyed. 

■«n.l the fftmidi. are multiplying. (Alter Sachs.) According to the form 

and texture of the thallus, Lichens may be arranged in tbe four 
following groups. 

(a) Fruticose Lichens. The thallus grows erect in a shrub-like 
manner : its internal structure is the same in all parts ; that is, 
there is no distinction of an upper and an under surface : the 
gonidia] layer usually forms a hollow cylinder. 
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To this group belong the various species of Usnea (Fig. 96 A ), and allied 
genera with a cylindrical thallus, which grow on trees. Itoccella tinctoria 
grows on rocks in regions bordering on the Mediterranean ; from it and other 
allied Lichens litmus is prepared. Ramalina and Evemia, with a ribbon-shaped 
flattened thallus, occur on trees and wooden fences ; Cetraria islandica is the 
Iceland Moss, which forms a mucilaginous fluid when boiled with water. 
Anaptychia ciliaris , which resembles the foliaceous Lichens, with a flattened 
thallus, is common on the trunks of trees. Cladonia has a scaly decumbent 
thallus, from which erect branches spring bearing the apothecia : Cladonia 



Fig. 06. — A A fruticoso Lichen, UsTiea barbata, with apothecia, a. B A foliaceous Lichen, 
SLida pulmonacca, with apothecia, a (nat. size). (After Sachs.) 


fimbriata is common ; Cladonia rangifcrina , the Rein-deer Moss, occurs on 
moors: Sphrerophorus has tb^ same external appearance, but it is pyreno- 
carpous. 

(b) Foliaceous Lichens . The thallus is flattened and adheres tc 
the substratum : the green (rarely bluish-groe*») gonidia form a 
Ringle layer beneath the upper surface (Fig. The margin of 

the thallus is usually lobed. 

Parmelia parictina occurs, with its bright yellow thallus, bearing apothecia, on 
tree- trunks and walls, together with other species of a grey colour. Sticta pul - 
monacea (Fig. 90 li ), has a reticulated yellowish thallus, and grows on tree- 
trunks. Peltigera is represented by several species which grow on mossy banks 
in woods : the apothecia are borne on the margin of the lobes of the thallus. 
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Umbiiicaria and Gyrophora, of a dark colour, prow on silicious rocks. Endo- 

carpon Las a grey tLallus with numerous small perithecia, which appear as blac* 

dots : it grows on rocks. 

(c) Crusfaceous Lichens . The thallus is usually indefinite in 
outline, and can often be scarcely distinguished from the sub- 
stratum, the fructification alone being conspicuous. 

The numerous species and genera are classified according to the size and form 
of the spores and to the structure of the fructification. 

(a) Discocarpi : the apothecium is 
surrounded by an outgrowth of the 
thallus, and in the Lecanore® it is 
at first entirely enclosed by it, e.g ., 
Lccanora subfmea , common on the 
trunks of trees : in the Lecideace® it 
is surrounded by a ridge, but is never 
enclosed; to this group belong the 
common Buellia parasema, occurring 
on tree-trunks, Jihizocarpon geogra- 
phicum, which forms bright yellow 
incrustations of often enormous ex- 
tent on silicious rocks. The apo- 
thecia are irregular, sometimes linear 
in form (Fig. 07 A B) among the 
Graphideae, the gonidia of which are 
the red cells of Chroolepus : Gr aphis 
scripta is common on the trunks of 
Beeches. The small Calicie®, which 
are common on bark, on wooden 
fences, etc., have stalked apothecia, 
as also the B®omyce® (without any 
ridge) : Baomyces roseus is common 
on sandy soil. 

(ft) Pyrenocarpi. The perithecia are imbedded in outgrowths of the thallus, 
either singly or several together, as (Fig. 97 C) in Pertusaria : they project from 
the thallus, and are provided with a special black investment in the Verrucarie®. 

Many species of crustaceous Lichens inhabit the highest peaks of the Alps, on 
which no other vegetation is to be seen, and they contribute materially to the 
weathering of the rocks. When they grow on the trunks of trees, they occur 
more especially upon those which have a smooth surfaco : the formation of 
bark interferes with their growth. 

( d ) Homoiomerous Lichens. The gonidia belong to the Phyco- 
chromacese : the thallus is usually lobed, of a dark colour, more or 
less gelatinous, sometimes filamentous. 

The Utter is the case in Ephebe, which consists essentially of a filamentous 



Fig. 97. — Crustnronns Lichens. A and B 
Qraphis ehgans. li Slightly magnified. C Per - 
tusaria JVulfeni, slightly magnified. (After 
Sachs.) 
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Alga (Sirosiphon) surrounded by liypbte. Collema is gelatinous (Fig. 98) ; it 
grows on moist earth and on rocks. 



10. The UsTTbAGiNEiE are parasitic in 
the tissues of the higher plants. Their 
spores are formed from the protoplasmic 
contents of cells of the hyphse, the walls 
of which become mucilaginous, and are 
usually of a black colour. These cells 
occur in great numbers in those parts of 
the host, usually the reproductive organs, fig. 98.-A gelatinous Lichen, 

which are permeated by the mycelium. Collema pvivosvm, slightly mag- 
ci i . - c , n , -i mfied. (After Sachs.) 

beveral species infest our Cereals, anu 

the seeds become filled with spores. The spores germinate at the 
same time as the sound seeds, producing a promycelium which 
bears small cells, sporulia; when these germinate their mycelium 
penetrates the young plants and extends into the flowers, where 
a fresh formation of spores takes place. 


The most important and the most common species are Ustilago Carbo, which 
especially attacks Oats, but other Cereals and Grasses as well: U. Maidis, 
which produces large tumours in the Maize, filled with spores ; Urocystis 
occulta , which fructifies in the leaves and haulms of the liye : TUJetia caries , 
the smut of Wheat ; this is dangerous becauso the grains filled with spores 
remain closed, and are therefore harvested with the sound ones. Many other 
species and genera infest wild plants. 


11. The Uredine#:, or Rusts , are also parasites : their mycelium 
inhabits the cells of various kinds of plants and usually bears 
several kinds of reproductive cells. In most of them small fructi- 
fications, termed cecidia , are borne by the mycelium, formed 
probably in consequence of the fertilisation of female organs by 
spermatia (Fig. 99 L a, and A ). They project from the surface of 
the infested plant as small cups ; the interior is covered towards 
the base by a layer of basidia, on each of which there is a row of 
cecictiospores, generally of a red colour, which have been formed by 
abstraction: the investment of the fructification is formed by the 
peripheral rows of a3cidiospores, which are sterile and which have 
become coherent. Besides these eecidia, and generally associated 
with them, are found the spermogonia (Fig. 99 I sp) in which the 
spermatia are developed ; in addition to these — but generally at a 
different season of the year — two other forms of reproductive cells 
occur, which are abstricted from their basidia singly and not in 
ton* s, and the basidia bearing them do not form a definite hymenial 


138 


FART IV. — THE CLASSIFICATION OF PLANTS. 


layer, but irregular groups, which break through the epidermis of 
the host. These cells, which correspond to the conidia of other Fungi, 
are, firstly, the uredospores , or “ summer-spores ” (formerly regarded 
as a distinct genus and called Uredo (Fig. 99 III ur ) ; they are 
always one-celled, usually of a red colour, and they germinate 
without any period of quiescence, by the protrusion of an ordinary 



Fig. 99 Vucnnia graminis. I Transverse section of a leaf of Berberis, with aecidia (a); 
f> the wall of the ascidia ; u lower, o upper surface of the leaf, which has become thickened 
at u y in consequence of the presence of tho parasite; on the upper surface are spermogonia 
(pp). A A young recidium which has not yet burst. II Layer of teloutosporeB (t) on the 
leaf of Triticum repent; e its epidermis. Ill Part of a layer of uredospores on the same 
plant; ttr the uredospores ; t a teloutosporo. (After Sachs.) 

mycelial hypha: by means of these the parasite is conveyed to 
other individuals, on which in a few days it produces fresh uredo- 
gpores. Secondly, there are the tdeutospores , or “ winter- spores, ’* 
which are mostly black and often many-celled (Fig. 99 III t and II ) ; 
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they are formed in many species only in the autumn, and persist 
during the winter, germinating subsequently in a peculiar manner. 
The hypha produced from the spore, the promycelium , divides into 
four cells, from each of which a minute cell, called a sporidium , is 
abstricted, which finds its way to a host. These various forms of 
reproductive cells usually alternate; thus the mycelium developed 
from the aecidiospores produces uredospores, and the mycelium 
that proceeds from these (often after several uredospore-bearing 
generations have intervened) produces teleutospores ; from these 
sporidia are developed, which, when they germinate, give rise to a 
mycelium producing secidia. In many species hetcroncism tabes 
place ; that is, that this variety of form of the reproductive cells is 
connected with a change of hosts. All species, however, have not 
so great a variety of spore-forms. Some Uredinere are known in 
which the nocidiospores produce recidia, and others in which the 
teleutospores produce a mycelium bearing teleutospores. In other 
cases there are grounds for assuming that their life-history is at 
present but imperfectly known. They fall into the following 
natural subdivisions : 

(a) Pucciniece. The teleutospores are one or more-celled on solitary free 
stalks ; recidia and uredospores are also commonly found. To the genus Puc- 
cinia, with a two-celled teleutospore, belongs Pvccinia gramims (Fig. 99), the 
Bust of Wheat ; the uredospores (formerly called Uredo linearis) form red 
streaks on the leaves and haulms of cereals and grasses ; in the autumn the 
teleutospores appear in similar streaks, but they are black ; these germinate in 
the following spring exclusively on the leaves of Berberis where the ®cmia 
appear in red swollen patches (formerly known as AHeidium Berberidis ) ; the 
acidiospores are conveyed to Grasses, and there give rise to a mycelium with 
uredospores, the Bust. The same processes take place in P. straminis , the 
cecidia of which are formed on Borages ; and P. coronata , the aicidia of which 
are formed on Bhamnus. These three forms of Bust cannot grow on Grasses 
unless their recidia have been previously produced in the spring ; hence their 
appearance depends on the presence of plants which are suitable for the develop- 
ment of the oocidia. Of P. Malvacearum , only the teleutospores are known ; they 
are constantly reproduced from the mycelium which they form, so that no 
alternation occurs. P. Compositarum has all these different kinds of spores, and 
produces them on the same host. Uromyces differs from Puccinia only in having 
one-celled teleutospores ; U. Beta is the Bust which grows on the Beetroot : — to 
this genus the ®cidium may probably be referred which is formed in the leaves 
of Euphorbia Cyparissias (probably to U. Pi si, tho rust of the Papilionacea?, or 
to U. scutellatus , that of the Euphorbi®), and causes a conspicuous enlargement 
of them. The secidium -mycelium is perennial in the rhizome of the Spurge. 
Phragmidium, with many-celled teleutospores, is common on the leaves of the 
Bose, Blackberry, and others. 

{b) G ymnosp or angle <b. The teleutospores are two-celled, on stalks which are 
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united into a gelatinous mass ; tlio mycelium which bears them is perennial in 
the branches of some Conifers, particularly the species of Juniper ; teleutospores 
are formed in the spring and germinate on the leaves of Ponmceiu, on which the 
large oecidia, which open in a peculiar manner, are found in summer. Gymno - 
sporangium fuscum occurs on Juniperus Sabina , the recidia (known as Rmtelia 
cancel lata) on the leaves of Pears : G. clav aria forme on Juniperus communis , 
the fecidia [llxxtelia lacerata and penicillata) on the leaves of Apples and Haw- 
thorns: G.conicum also on J. communis, and the tecidia (72. cornu ta) on the 
Mountain Ash. 

(c) Melampsorra. The teleutospores are many-collvd, and are united together 
into a firm palisade-like layer; the aecidifi are for the most part unknown, but 
the uredospores of many forms have been found. Melampsora has black layers 
of teleutospores ; 31. salicina , populini , Lini, attack the plants whose names 
they bear. Calyptospora Goppertiana occasions conspicuous swellings on the 
stems of Vaccinium Vitis Idaa. Chrysomyxa Abietis, with gold-coloured 
teleutospores, appears at the end of April on the second year’s leaves of Spruces, 
and, as they germinate, they infect the young leaves. Coleosporium, likewise 
with gold-coloured teleutospores, grows on many herbaceous plants. JEculium 
Pini forms a perennial mycelium in the leaves and bark of Pine-trees, and bears 
in the spring its cecidia, which have a white investment ; it belongs to Coleo- 
sporium Senecionis , a common species, which bears uredospores in the summer 
and teleutospores in the autumn on Senccio sylvaticus. The innoculation of 
Pines can only be effected by means of the teleutospores formed on Senecio. 

(d) The Kndophyllra bear only tccidia which reproduce themselves without 
the intervention of any other form of spore. Endophyllum Sempcrvivi grows on 
the leaves of the House-leek. 

(e) Imperfectly -known JEcidia , which do not directly reproduce themselves, and 
must therefore possess teleutospores : the relations of tlieso are not as yet 
known. To these belong Mcidium elatinum, which inhabits the cortex of the 
Silver Fir, and causes large crab-like excrescences, as well as the monstrous 
growth of twigs, known as “ Witches-brooms,” on the leaves of which the 
cecidia appear jEc. Abietinum occurs on the leaves of the Spruce in mountain- 
ous districts. JEc. strobilinum, on the scales of Spruce-cones. Cfeoma is also 
regarded as an ascidium ; the hymenial layer is not enclosed by any investment. 
C. pinitorquum grows on the branches of young Pines, often on one side only, 
so that they become bent, 

12. Basidiomycetes. To this group belong most of the larger 
Fungi commonly known as Mushrooms and Toadstools. The 
mycelium consists of delicate white strands of hyphas, which per- 
vade the substratum upon which it grows, and the part which is 
usually recognised as the Fungus is the fructification, that is, the 
organ which produces the conidia. It was formerly thought that 
this fructification was formed, as in the Ascomycetes, as the result 
of a process of fertilisation taking place in the mycelium ; but most 
careful investigation has failed to detect any trace of a sexual 
process; the fructification is simply formed by the outgrowth of 
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certain parts of tlie mycelium. In view of tlie high organization 
of these lungi, it may bo reasonably assumed that sexuality has 
here gradually disappeared. 


The conidia are formed in or upon the fructification on bar 


sidia, which together 
form the hymenium; 
the basidium (Fig. 100 
C) usually bears at 
its summit four small, 
slender sterigmata, 
from each of which 
a conidium is ab- 
stricted. 

(a) The TremelU- 
nece, or gelatinous 
Fungi, have basidia 
resembling in form 
the promycelium of 
the Uredineoo. The 
fructification is soft 
and mucilaginous ; its 
surface is covered by 
tlie hymenium which, 
at the time of the 
formation of the con- 
idia, looks as though 
powdered with white 
dust. 

Tremella mesenterica, 
with irregularly furrowed 
fructification; Exidia Au- 
ricula Judas , a spongy 



Fig. 100 .— AyancuH campestris. A Tangential section of 


Fungus growing on the the pilens, showing the lamellae, l. B A similar section of 

Elder with a brownish a l ame fi a more highly magnified ; hy the hymenium ; t the 

e „ , • , . central tissue called the Trama. C A portion of the same 

fructification somewhat r * . ... 

section more highly mugninod (x 650); q young babidia 

resembling the shell of an an( j parapliyses ; s' the first formation of conidia on a basi- 

ear, and others, are not dium; s" more advanced stages; at a"" the conidia have 


rare on rotten wood. fallen off. (After Sachs.) 


(h) Hymenomycefes. The structure of the basidia is similar to 
that above described; the fructification bears the hymenium on its 
upper surface, which is very various in form; the very numerous 
forms are accordingly subdivided into: 
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1. Thelephorea: ; the surface bearing the hymenium is extended over the 
substratum as a crust, or else forms the smooth under-surface of a hat-shaped 
fructification. The simplest form is Exobasidium Vaccinii , which is parasitic 
on the leaves of the Bed Whortleberry, and very commonly covers them with a 
whitish crust. Corticium forms crusts on the bark of trees ; Stereum has a 
bat-shaped fructification which, when seen from above, bears some resemblance 
to various species of Polyporus, but it has a smooth hymenial surface ; it is 
common on trunks of trees, palings, etc. 

2. ClavariccB. The hymenium clothes the smooth surface of the fructifica- 
tion, which is cylindrical, or club-shaped, and often branched. The genus 
Clavaria has many species ; C.Jlava has a sulphur-yellow, coral-like fructifica- 
tion which is edible (Fig. 101 A). 



Fig. 101. — A Branch of Clavaria Jlava (nat. size). B Fructification of Hydnum imbricatum ; 
st prickles ; s scales of the upper surface (i nat. size). C Longitudinal section through the 
fructification of a Polyporus ; p the tubes clothed with the hymenium ; the tubes show on 
the under surface as pores (£ nat. size). 

3. Ilydnea. The hymenium covers prickly projections of the fructification, 
which is either a crust or is liat-shaped, and is cither attached laterally or 
stalked. Hydnum imbricatum is eatable : other species have a lieshy pilcus 
with a central stipe (Fig. 101 B). 

4. Polypore a. The hymenium clothes the inner surface of tubes, which aie 
cither free or, more often, connected into a layer which covers a portion of the 
fructification. The fructification of Polyporus and Tramctes is generally 
attached laterally, and often of a liorse-shoe shape (Fig. 101 C). P. f omen tar iu.< 
is used in the preparation of what is known in England as German tinder; 
P. officinalis is used in medicine as Fungus Laricis ; the mycelium of Tramctes 
Pini attacks the heart- wood of Pines and makes them decay; T. radiciperda 
occurs in the roots and lower part of the trunk of Spruces and Pines, causing 
their destruction. Dnedalea occurs on old oaks ; its tubes anastomose and form 
a labyrinth. The mycelium of Mcrulius lacrimans penetrates the timbers of 
houses and causes them to decay (Dry Bot). Boletus has a fleshy stalked pilcus, 
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from which tho hymenial layer may be easily separated. Boletus edulis and 
scaber are edible ; B. Satanas and others are poisonous. 

o. Agaricina. The hymenium clothes special lamelliform outgrowths of the 
fructification, which commonly assumes the form of a stalked or sessile pileus. 
The stalked forms are either naked from the first, or they are enclosed at an 
early stage in an investment which remains after the full development of the 
fructification as an appendage of one form or another. An investment which 
at first surrounds the whole pileus and stipe, and, at maturity, surrounds the 
base of the stipe like a 
sheath, as in Amanita, is 
called a velum universale. 

(Fig. 102 A B v): while a 
velum par dale only covers 
the under surface of the 
pileus where the lamcllie are 
borne, and when this is 
fully developed it is repre- 
sented only by fragments 
hanging from the margin or 
forming a ring round the 
stipe (Fig. 102 C a), e.g ., 

Agaricus campestris and 
procerus : in the Fly-toad- 
stool, Amanita muscarius, 
both kinds of velum are 
present together. Besides 
these conspicuous characters 
the colour of the conidia is 
also of importance for distinguishing the species ; this is easily discovered by 
laying the fructification on white or black paper, which becomes covered with 
the conidia which fall out very readily. 

The great genus Agaricus (the lamollated Fungi) has lately been subdivided 
into several genera. In Coprinus the fructification very soon undergoes dis- 
integration, forming a black shiny fluid ; Lactarius contains milky juice (latex). 
In Cantharcllus the lamell® are prolonged down the stipe. Of edible species 
the following may be named: Cantharellus cibarius , Lactarius deliciosus , 
Agaricus campestris , the Mushroom, A. procerus , distinguished by a moveable 
ring, and A. Ccesareus ; the poisonous species are Lactarius torminosus and 
Agaricus or Amanita muscarius. A. malleus has a peculiar mycelium, matted 
into strong shining black cords, formerly regarded as the genus Eliizomorpha, 
which lives in the bark of trees and kills young Conifers, particularly Spruces 
and Pines ; it gives off subterranean branches which attack the roots. 

The fructification of other species is of a hard leathery or woody consistencv; 
these live commonly on old wood; such are Panus, with a small pilous 
mounted on an eccentric stipe ; Lenzites, where the pileus is lateral and sessile ; 
Marasmius, the elegant pilei of which are often seeu on the leaves of Conifers 
which have fallen off. 

(c) Oastromycetes In these, as the name suggests, the hymenium 



Fig. 102. — A Early stage in the development of tho 
fructification of Agaricus vaginalus: v the velum univer- 
sale ; sfc the stipe ; h the pileus ; l the lamellae, If A some- 
what later stage; v the ruptured velum. C Agaricus 
mclleus m the mycelium; a the ring formed by the velum 
partiale (£ nat. size). 
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is enclosed within the fructification, the internal tissue of which 
forms numerous cavities or chambers, the dividing walls being 
known as the trama; the hymcnium clothes these cavities, being 
attached to the trama. When the fructification is ripe, great 
changes commonly take place in this internal tissue, which have as 
their object the dispersion of the conidia ; the external wall ( peri * 
dium ) usually consists of two layers. This group is subdivided as 
follows, according to the modifications undergone by the internal 
tissue and the character of the peridium. 

(a) The Hymeno gas trees, in which the chambers and hymenium are persistent ; 
these are truffle-like underground Fungi. 

(b) Lycoperdacecc (Puff-halls) ; only a few strong threads of the internal trama 
remain, forming the capillitium , with the isolated conidia between them. In 
Pycoperdon the outer peridium scales off, the inner splits open at the top, and 
the conidia escape as a cloud of dust. In Geaster the outer peridium splits in 
a star-shaped manner and rolls back ; the inner opens by a hole at the summit. 

(c) The Nidulariecc have a vase-shaped fructification within which the 
chambers become isolated, forming small hard bodies. Crucibulum and 
Cyathus are not rare on rotten wood. 

(d) The Phalloidece . The peridium consists of three layers, and after they 
are ruptured the whole internal tissue is elevated on a stalk and becomes an 
ill-smelling mucilaginous mass containing the oonidia. Phallus impudicus is 
poisonous and occurs among brushwood. 


GROUP II. 

MU S C I FT E J2. 

In this group we find a sharply defined alternation of generations 
vhicli, in certain points, agrees with that of the following group ; 
a sexual generation — that is, one which produces sexual organs — 
alternates with an asexual generation, which produces only spores. 
The germinating spore gives rise to the sexual generation (the 
cophore), the Moss-plant, in some cases directly, but in most cases 
if ter the formation of a filamentous growth, the protonema . In the 
lower forms this generation is a thallus, but in the higher it consists 
of stem and leaves, and is capable of repeatedly developing sexual 
organs. Prom each oosphere an individual of the asexual generation 
(the sporophore) is developed, which continues to be superficially 
connected with the original Moss-plant, and assumes the form of a 
stalked capsule which is commonly known as the fruit of the Moss; 
this body forms spores, without any ramification or repetition, and 
its vital activity ceases with the ripenin'* of the spores. 
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Since Mosses have a distinct stem and leaves, but no true roots 
nor vascular tissue, they take the lowest rank among the Cormo- 
phytes. 

The male organs, as in all the higher 
Cryptogams, are called Anther ulia, the 
female, Archegonia . 

The antlieridia are spherical, ovate, or 
club-shaped bodies, with long or short 
stalks (Fig. 103) ; the external layer of 
cells forms the wall, while in each of the 
internal cells, which are small and very 
numerous, an antlicrozoid is developed. 

The wall ruptures at its apex when it is 
moistened, and the mother-cells of the an- 
therozoids are set free ; they subsequently 
discharge their contents. The anthero- 
zoids (Fig. 103 c) are spirally-wound fila- 
ments thickened posteriorly; the anterior 
end is furnished with two delicate cilia 
by which they move in the water usually 
present in the capillary spaces between 
the leaves of Mosses. 

The archegonia (Fig. 104) are flask- 
shaped bodies, dilated at the base and ter- Flo 1M . _ *■„„„*« hygrm , u 
minuting upwards in a long neck. An >iea. A An anthcridium burst- 

axial row of cells is contained in each in s; “ antberozo.as (x 350 , 

B The antherozoids more 
archegonium ; the lowest cell, which is the i-trongiy magnified; b in the 

largest, is the oosvhere, and the remainder mother ‘ ce11 ; cfree antlj eroaoid 

0 / of Polytrichum (x 800). 

are canal-cells : the latter are disintegrated 

shortly before fertilisation, so as to form a slimy mass ; the four 
uppermost cells of the neck, the stigmatic cells (m), separate, and 
the antherozoids pass through the opening into the canal and 
reach the oosphere, which becomes surrounded by a membrane as 
a consequence of fertilisation. 

Tlie sexual organs are often solitary, but are also frequently 
collected into groups which sometimes consist exclusively of arclie- 
gonia or of antlieridia, but sometimes of both. These groups, 
known sometimes as Moss- flowers, are occasionally surrounded by 
special investments, the peri chad ium and the per igynium, consisting 
of modified leaves. The hair-like organs which occur at the inser- 
tion of the sexual organs in these so-called flowers arc the para- 
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pliyses. The second or spore-forming generation ( sporophore ), 
the sporjgoninin y is immediately developed from the fertilised 
oosphere. The base of the sporogonium penetrates more or less 
into the tissue of the Moss-plant, and is even nourished by it, bnt 
the cells of the two generations are not in organic connection 


TV 



weak female plant (xlOO); aarchegonia; FiO. 10 ". — Fuvaria hygrometrica. A Origin of 

1> leaves. J? An archegonium ( x 650) ; the sporogonium (//) in the ventral portion 
b ventral portion with the oosphere ; h (b b) of the archegonium (longitudinal soction 
neck ; m mouth still closod ; the cells of x COO), li C Different further stages of de- 
tho axial row are beginning to be con- velopraent of tho sporogonium (/) and of the 
verfed into mucilage. C The part near cal.yptra (c) ; h neck of the archegonium ( « 
the mouth of the nock of a fertilised about 40). 
archegonium with dark red coil-walls. 

(After Sachs.) 

with each other. The wall of the archegonium, within which the 
development of the oospore into the sporogonium proceeds, con 
timies to grow for some time, and surrounds the young sporogonium, 
when it is called the calyptra (Fig. 105 c h). At a later stage it is 
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ruptured in different ways according to the family to which the 
plant belongs, and the remains cling to the base or to the apex of 
the Rporogonium. 

The sporogonium assumes, soonei or later, the form of a capsule 
with a more 01 less elongated stalk (seta). Certain layers of tissue 
within the capsule give rise to the spores, by division of their cells 
into four. In the true Mosses and in the Anthocerotea), a central 
mass of tissue is left which docs not give rise to spores, and is 
called the columella. On the other hand, in many of the Liver- 
worts, some cells of the spore-forming tissue do not give rise to 
spores, but form the elaters, which are cells usually having a spiral 
thickening on their inner surface. The spores are in many cases 
set free by the decay of the wall of the capsule, but in general the 



of a developed protoncma, about three weeks after germinating ; h a procumbent primary 
shoot with brown wall and oblique septa, out of which arise the ascending branches with 
limited growth. K Rudiment of a leaf-bearing axis with root-hair (to). (4 x 650, B about 90.) 

capsule splits open, cither in segments from the apex to the base, 
or irregularly, or the upper part of the capsule comes off like a lid 
(operculum) ; in most of the true Mosses there is an operculum 
which, from the first, is differently constructed to the rest of the 
capsule. 

The spores are spherical or tetrahedral ; their cell-wall consists 
—as also in the following groups — of two layers: an outer and 
tougher one, the exospore, and an inner and more delicate one, the 
endospore. On germination, the outer layer splits open, and the 
cell, surrounded by the endospore, grows and divides, a procosp 
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which in most cases leads to the formation of the protonema, which 
is either a network composed of filaments of cells containing chloro- 
phyll, or elso a Hat, green, cellular body. The vows of cells form- 
ing the protonema are lateral appendages, which are either limited 
(Fig. 106 B b ) or unlimited (Fig. 106 B h) in their growth; it is 
thus the simplest form of the Moss-plant. This is most conspicuous 
in the cases where it passes directly at its apex into a Moss-plant. 
More frequently this transition takes place by means of lateral buds, 
(Fig. 106 B K) which arise at the base of a limited lateral branch. 

The branching of Mosses is never axillary; the lateral shoots 
usually arise by the side of or below the leaves. 

Many of the Mosses have organs for vegetative propagation, 
commonly known as bulbils or gemma * , and besides these special 
organs they are in the highest degree capable of vegetative multi- 
plication by simple branching and innovation ; indeed, the forms 
which are of most frequent and extensive occurrence, e.g., Uijloco - 
mium triquetrum, increase chiefly by these methods and rarely 
produce sporogonia. 

The group is naturally divided into two classes which are dis- 
tinguished principally by the following characters: — 

Class 111, Jlepalicce (Licer worts), The capsules never open by 
the separation of a special operculum; they are either four- or 
two-valvcd, or they open irregularly by the rupture of the upper 
portion, or they do not open at all. In most of the orders elateis 
are found among the spores; a columella is present only in the 
Anthoccrotca) ; the spores ripen whilst the capsule is still enclosed 
in the calyptra. The calyptra clings, after its rupture, to the base 
of the capsule : the plant of the first generation is a thallus, or a 
stem furnished with leaves, the leaves being formed of only a single 
layer of cells ; the stem is always bilateral ; the root-hairs are 
unicellular. 

Class IV. Musci ( True Mosses ) . The capsule usually opens by a 
distinct operculum; claters are never present, but the columella 
always, *it least in the early stages. The calyptra is usually 
ruptured by the capsule long before the spores are ripe, and is 
elevated upon it. The plant of the first generation is a stem 
furnished with leaves which not unfrequently have a midrib of 
several layers of cells ; the stem is not usually bilateral ; the root- 
hairs are multicellular 
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Class III.— HEPATIC/E (LIVERWORTS). 

The capsule usually splits into four valves; elopers with spiral 
thickening are almost always present, but there is usually no columella , 
the calyptra remains attached at the base of the capsule. 

The plant of the first generation, in some of the forms belonging 
to this class, is actnally a leafless thallus; in others it is a thalloid 
stem, furnished with small scale-like leaves ; others again have a 
stem bearing green leaves. The first two are said to b e frondose, 
the last foliose. The frondose species cling closely to the surface 
on which they grow, and are consequently bilateral, the two sides 
or surfaces differing considerably ; the cells of the upper surface 
contain much chlorophyll and arc generally protected by a distinct 
epidermis, those of the under surface contain but little chlorophyll 
and alone give rise to root-liairs. The foliose forms also frequently 
creep over the substratum and exhibit various forms and arrange- 
ments of their leaves corresponding to their mode of life. In 
correlation with the bilateral structure which obtains throughout 
the whole class, the leaves are of two kinds; inferior leaves , which 
are inserted upon the side of the stem which is in contact with the 
substratum, and which are imperfectly developed; these are the 
only leaves borne by the frondose Liverworts which have any : in 
addition to these leaves (called in the foliose forms ampliigastria) 
the foliose Liverworts have two rows of lateral leaves, which are 
inserted upon each side of the upper surface of the stem. 

This class includes four orders. 

Order 1. Riccie^. 

The archegonia and antheridia stand isolated on the upper side 
of the thalloid stem. The capsule is spherical, usually sessile ; it 
contains no elaters, and does not rupture. 

Riccia Jluitans has a beautiful dichotomously-branched stem, and R. natam 
a brond lobed stem; they occur occasionally in water; R. glauca and other 
species occur on fields. 


Order 2. Anthocerote.®. 

The thallus, which contains much chlorophyll and is irregularly 
branched, creeps on the ground. The archegonia are imbedded in 
the upper surface. The capsule is long and thin, like a pod ; it 
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splits open from above into two long valves; it contains a columella 
and elaters which, have no spiral bands. 

Anthoceros Icevis (Fig. 107) and punctatus are found 
on loamy and sandy fields and woodland clearings; 
they are not common, but where they occur they grow 
in considerable quantity. 

Order 3. Marcitantieje. 

Fig. 107. — Anthoceros lewis The archegonia and antheridia are usually 

(nut. size). K The capsules, collected respectively into groups on special 
Borne as yet unopened. . , . , .. J , r , , 1 

upright, umbrella or hat-shaped branches, 

the receptacles (Fig. 108 A 7m), of the thalloid stem: the stem 

bears on its upper surface numerous large stomata, and on its lower 

surface two rows of scaly inferior leaves and a number of root- 

hairs. The capsule contains elaters and opens irregularly, or by 

four valves, or by the removal of its upper part. 



A 



r to. 108. — Portion of a stem of Marchantia polymorpha (t), with the upright male re- 
ceptacle (bearing antheridia). B Portion of a stem with a receptacle containing genuine ; 
vv apices of the two branches. (After Sachs.) 


Marchantia polymorpha , which is very common on paths, on walls, and in 
peat-cuttings, has a thick, creeping, dichotomously-branched stem. The 
antheridia are borne on the upper side of umbrella- shaped branches (Fig. 108 
A liu ), and the archegonia on the under side of similar radiated receptacles. 
Besides these the stem produces from its upper surface cup-shaped vessels 
containing gemmae (Fig. 108 B). Fegatella conica is similarly provided with a 
conical receptacle ; in Eeboulia liemisph a rica it is semi-globular ; these plants 
occur on rocks and damp walls, particularly in mountainous neighbourhoods. 


Order 4. Jungermanniejl 

The capsule splits into four valves from the apex downward^ 
Elaters are present. 
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00 Anacrogynce. Tlie archegonia are not borne at the apex of 
the thalliis or stem, but on its upper surface ; they are surrounded 
by an involucre formed by the stem or thallus : they are usually 
frondose. 

Metzgeria furcata has a narrow dichotomouslj-branched thallus consisting of 
a single layer of cells, which is traversed by a midrib consisting of many layers ; 
it grows very commonly on tree-trunks, but it rarely fructifies. Pellia epiphylla 
has a broad thallus, consisting of several layers of cells ; it is not uncommon 
by springs, on damp rocks, etc. Aneara pinguis and other species occur in 
similar localities. Blania pus ilia has a thalloid stem ; it grows on damp fields 
and by ditches. 

(b) Acrogynoe. The archegonia are situated at the apex of the 
stem or of certain branches of it, and are surrounded by a perianth, 
that is, by leaves or part of leaves which 
form an investment. The stem does not 
usually bear inferior leaves, but always two 
rows of lateral leaves ; these leaves are 
either bidentate at the apex, or bipartite, 
and sometimes (Frullania, Radula) are com- 
pletely divided into two lobes. The inser- 
tion of the lateral leaves is at first trans- 
verse to the long axis of the stem, but it 
becomes modified by the unequal growth 
of the stem, *so that the leaves come to be 
situated either on the lower ( folia succuba ) 

(Fig. 109), or on the upper (Julia incuba ) 
surface of the stem. 

Jungermaunia bicuspidata and many other species 
are common on damp soil and on the trunks of trees, chila aspienioides. a A ripe 
Plagiochila asplenioides (Fig. 109) is not uncommon capsule; b one that bas 
in mountain woods. Badula complanata has a small °P eue(i » P Perianth, 
stem, densely covered with leaves, which creeps over tree-trunks and boughs ; it 
is very common. Frullania dilatata and Tamarind , with small and elegantly- 
branched stems of a brownish or purple colour, also grow on trunks of trees, or 
on the earth, in damp, shady places. 



Class IV.—MUSCI (TRUE MOSSES). 

The capsule usually opens by the removal of a distinct operculum, 
E Inters are never present , the columella always. The calyptra is 
w tally carried up by the capsule. 
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The Moss-plant always consists of a stem fnrnislicd with leaves, 
which are all of the same kind ; its branches creep on the earth or 
else on trees, or they form dense plots. Bilateral structure does 
not very often occur. 

The Class may be divided into four Orders : 


Order 1 . Sphagnaceje (Bog-Mosses). 

The spherical capsule contains a hemispherical columella, and 
opens by the removal of the upper portion of its wall ; the calyptr* 
remains attached to the base. 

The only genus Sphagnum (Fig. 110) includes a number of 
species, which all live in damp woods, and more particularly on 
moors, forming extensive soft plots. The 
branches, which are densely covered with 
leaves, envelope the main stem: the leaves, as 
well as the cortex of the stem, contain large 
cells filled with water, the walls of which are 
perforated; by capillary attraction water is 
conveyed through these open cells to the top- 
most point of the plant. The lower portions of 
the quickly growing stems die off and form 
peat. The shortly-stalked capsule (Fig. 110 
K) is raised by the elongation of the stem 
which bears the arcliegonium ; this much re- 
sembles the stalk of the capsule (seta) in the 
true Mosses, but it is not of the same nature ; 
Fig. lio. — stom of ^ is called the psendopodium. 

Sphagnum acutifolium 

•nat. size), k Capsules. Order 2. ANDREW ACE JS. 



The columella is columnar in form, free at the top. The capsule 
splits into four valves, which remain connected at the base and 
apex. The calyptra is raised up as a cap upon the capsule. 



The genus Andream (111 b) lives on rocks among 
the Alps and other high mountains. The elongated 
and branched steins are closely covered with leaves. 

Order 3. Phascacej:. 


Fig. 111. — * Ephemernm «er- 
ratum(x3)j b shoot of Andrccea 
nivalis , with (JQ capsule (nat. 
size). 

sule above and below. 


The capsule does not open at all ; the 
columella, in this order and in the follow- 
ing, is connected with the wall of the cap- 
The spores in Archidium are formed from 
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one of the cells of the columella: the calyptra remains at the 
base of the sporogonium. 

Phascmn cusp? datum, Ephemerum serratum (Fig. Ill a), and Archidium 
phvscoides are minute Mosses a few millimetres in height growing in fields and 
ripening their capsules in the spring. 

Order 4. Bryin2E. 

The columella is connected with the capsule both at the top and 
at the bottom ; it is immediately surrounded by the spore-forming 
tissue (Fig. 112 s); between this and the wall of the capsule there 
is a large cavity filled with air (Fig. 112 h) traversed by filaments 
of cells containing chlorophyll. The capsule opens by the throwing 
off of an operculum, which is from the first constructed differently 
to the rest of the capsule. Certain layers of cells of the internal 
tissue of this operculum remain in connection with the walls of the 




Fig. 113.— Mouth of the theca 
of Fontinalis antipyreti a. ap 
Outer peristome ; ip inner peri- 
stome (x 60). 


Fig. 112. — Fxinana hygrometrica. A A young leafy plant (g), with the calyptra (c). B A 
plant (</) with the nearly ripe sporogonium ; s its seta ; / the capsule ; c the calyptra. 
C Longitudinal section of the capsule bisecting it symmetrically ; d operculum ; a annulus; 
p peristome ; cc' columella ; h air-cavity ; s the primary mother-cells of the spores. 


capsule and constitute the peristome , which has a characteristic 
form in each different genus. In Tetraphis it consists of four hard 
teeth, for which the whole of the internal tissue of the operculum 
is utilised ; in most genera there are 8, 16, 32, or even 64 teeth, 
formed by the thickened cell-walls, which are frequently arranged 
in two rows, one within the other (Fig. 113), and which originate 
from two different layers of cells. In only a few genera, e.g . 9 
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Gymnostoinurn, are they wholly wanting. The calyptra is elevated 
by the growth of the capsule and covers its apex like a cap; the 
capsule is generally elongated. 

The leaves, which consist of a single layer of cells, are traversed 
by a many- layered midrib in many species. 

Some of the genera bear the female flowers and, consequently, at 
a, later stage the capsules also, on the apex of the main sterns; 
others bear them on short lateral branches ; although this difference 
of position cannot be regarded as an important systematic distinc- 
tion, it may serve as an indication of allied forms. Thus the Bryinre 
may be divided into : 

( a ) Acrocaiyi, bearing the arclicgonia at the apex of the stem; 
the capsules, however, often appear as if 
they had been borne upon lateral shoots, 
for Lateral shoots develope later and dis- 
place the main stem to one side. 

Dicranum scoparium , with sickle-shaped leaves, 
is common in woods. Leucobry urn glaucum has 
leaves consisting of several layers of cells, which 
resemble those of Sphagnum in their structure; it 
occurs in Pine- woods and on moors. Ceratodon 
purpureus , with a red seta and a short stem, 
is very common in various localities. Barbula 
muvalis grows in patches on walls and rocks ; 
the midrib of the leaves is prolonged into a 
hair, so that the patches of Moss look greyish. 
Tetraphis pellucida has bright green leaves ; it 
grows on decayed troe-trunks, and hears gemm® 
of peculiar form. Grimmia pulvinata occurs in 
round greyish-green patches ; the capsules have 
very short set®. Orthotrichum speciosum and 
other species have also shortly- stalked capsules, 
and are common on trees. Funaria hyyrometrica 
(Fig. 112) has an oblique, pear-shaped capsule; the 
long set® have *the peculiarity of contracting into 
a spiral on being wetted and dried ; it is common 
on walls and paths. Poly trichum formosum (Fig. 
114) and other species are the largest of our 
h if hum /onnosum (nut. size), k “^igenous acrocarpous Mosses; they have large 
the capsule; s the sola; o ca- dark g reen leaves and long hairy calyptr®, and are 
lyptra. common in woods and on heaths. 

( b ) Fleurocarpi. The archegonia, and subsequently the capsules, 
are borne on special lateral branches. 
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Fontinalti antipyretica floats in water. Neckera crispa , with flat outspreading 
leaves, grows on rocks. Thuidium abictinum and other species grow in woods: 
they have regular, pinnately branched stems, and very small, closely-set leaves. 
Leucodon sciuroides is very common on tree-trunks. Brachythecium rutabulum 
is common in woods. Eurhynchium pralongum , with long creeping stems, 
occurs in woods and damp gardens. Uypmnn cupressifurme is very common on 
tree-trunks, and II. cuspi datum and yiyanteum in bogs and ditches. Hylo- 
cornium triquetrum is very commonly used lor garlands ; this and II. splendens, 
with remarkably regular ramification, are both common in woods. 


GROUP III. 

THE VASCULAE CEYPT03AMS. 


In tliis group also an alternation of a sexual with an asexual 
generation occurs; but the relations between the two are exactly 
the reverse of those existing among the Mosses. In this group 
the plant which springs from the spore and produces the sexual 
organs (the oophorc) is small and short-lived, usually perishing after 



Fig. 116. — Antheridium of Adiantum Cnpillns Veneris (x 650). j> Prothallium; a anther! 
dium ; s antherozoid ; b the vesicle containing starch-grains. 


fertilisation has taken place ; it is called the prothallium. The 
plant which grows from the fertilised oosphere (the sporophore) is 
furnished with a distinct stem and leaves, and it has closed fibro- 
vascular bundles and true roots ; it commonly persists for several 
years and produces spores in regular succession, besides possessing 
various means of vegetative multiplication. These morphological 



156 


PART IV. — THE CLASSIFICATION OF PLANTS. 


and anatomical characteristics bring this group of plants into the 
province of the Vascular Plants. Some of the orders which occupy 
the highest place among the Cryptogams exhibit in certain feature* 
a resemblance to the Gymnosperms among the Phanerogams ; 
there is thus a gradual transition from the Cryptoga.ms to the 
Phanerogams. 

The Prothallmm (Fig. 115) is, in most of the orders, a thallns 
which grows from a spore which it greatly exceeds in size, produc- 
ing, besides root-hairs, antheridia and archegonia on certain parts 
(Fig. 115 an and ar). 

The antheridia (Fig. 116) either project from the surface as 
masses of tissue, which are hemispherical or somewhat cylindrical 



Fjq. 119.— Germinating macrospore of SelagineHa Martenni . The portion of the tissue 
which lies above the (lark outline (d) is the prothallium; a is an unfertilised archegomum ; 
e tf embryos in two that have been fertilised. The cavity of the spore is filled with endo- 
sperm. (After Sachs.) 

in form, or they are sunk in the tissue of the prothallium. They 
consist of a wall, composed % single layer of cells, and of the 
mother-cells of the anthcrozoids ; the anthcrozoid is a spirally 
wound filament bearing a number of cilia at its anterior end (Fig. 
116 s). 

The archegonia (Fig. 117) are in general constructed like those 
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< f the Mosses ; tliat is to say, they consist of a ventral portion, 
which is imbedded in the surrounding tissue and is coherent with 
it, and of a short neck through which two canal-cells, which subse- 
quently undergo disintegration, extend to the oosphere. 

However, the protliallia of some orders, such as the Rhizocarpece, 
Selaginelleao, and Isoeteae, dilTer widely from this in their structure. 
These plants, namely, produce two kinds of spores, large spores 
called macrospores , and much smaller ones, microspores , and they 
are termed lieterosporous on this account, in contrast to the 
isospnrous orders in which the spores are all of one kind. 

The macrospore produces a female prothallium (Fig. 118) which 
is developed in the spore itself, and only a small portion of it is 
exposed at the apex. On this exposed portion it bears one, or a 
small number of archegonia (Fig. 118 a). 

The microspore produces a merely rudimentary male prothallium, 
for the antherozoids are developed from it directly, or at any rate 
after it has undergone only a few divisions. 

The embryo developed from the fertilised oosphere grows directly 
into a plant which subsequently produces spores. 

The spores are formed in not very large numbers in the sporangia 
by the division into four of the internal cells ; and when two kinds 
of spores are present they are produced in distinct sporangia — macro- 
Midi microsporangia . The sporangia are small in proportion to the 
whole plant, and are developed either from single cells of the epider- 
mis of the leaf, or from groups of cells, the external cells of each 
group forming the wall of the sporangium, the internal, the mother- 
cells of the spores. It is almost always evident that the sporangia 
are produced from the leaves ; it is only in a few instances that they 
originate in the axils of the leaves and appear to be formed from the 
stem. 

The group of Vascular Cryptogams is divided as follows: 

Class V. Fillcince . The leaves are well developed in proportion 
to the stem, and bear the sporangia (which usually 
originate from a single cell) almost always collected 
into sori on their margins or on their inferior surfaces ; 
the fertile leaves are not confined to any particular 
region or branch of the stem. 

(it) Isosporous. 

Order 1. Flllces, 

(b) Heterosporous. 

Order 2. Bhizocarpeob . 
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Class VI. Equisetince. The leaves are small in proportion to tlio 
stem ; they are arranged in whorls, and those of the 
barren whorls grow together into a sheath. The fertile 
leaves are arranged in numerous closely-set whorls 
forming a spike at the apex of the stem ; they are 
peltate, and bear the sporangia on their under sur- 
fiices. The sporangia originate from groups of cells. 
They are isosporous. 

Class VI I. Lycopodium, The leaves are for the most part small 
and feebly developed ; the fertile leaves are frequently 
collected on a distinct portion of the stem. The 
sporangia, which arc developed from groups of cells, 
are almost always solitary in the axils of the leaves 
or close to the base of the leaves on its upper side. 

(a) Isosporous. 

Order ] Lycnpodiece. 

(b) Hcterosporous. 

Order 2. Selagindlcce. The stem, which grows 
greatly in length, bears numerous small 
leaves ; the sporangia are situated in the axils 
of the leaves, occasionally they are attached 
to some extent to the stem. 

Order 3. Eootecn. The stem, which is short, 
bears long unbranched leaves; the sporangia 
are situated on the upper side of the leaf. 


Class V.— FILICIN^E. 

The sporangia are usually collected into sori on the edges or under 
surfaces of the leaves. The fertile leaves are not confined to a special 
region of the stem . 

Order 1. Filtces (Ferns). 

The spores are all alike , and prodsuce a large and independent 
prothallium. 

The prothallium is almost always developed on the surface of tho 
soil, and contains chlorophyll (Figs. 115 and 119). It takes origin 
from the spore in the form of a cellular filament which, at a later 
stage, generally becomes a broad surface divided anteriorly so as to 
be heart-shaped ; it consists of a single layer of cells, excepting at 
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that part which bears the archcgonia. This region is situated at 
the fore part of the heart-shaped prothallium, behind the indentation 
(Fig. 115 ar ). The antheridia are produced partly at the edge, 
and partly posteriorly among the root-hairs 
(Fig. 115 an), and project as hemispherical 
masses of tissue. 

The stem is for the most part a strong 
underground horizontal or oblique rhizome ; 
tree-ferns with tall upright trunks occur 
only in the tropics. The internodes are 
sometimes elongated, so that the surface 
of the stem is visible between the leaves 
which are some distance apart, e.g., P ter is 
aquilina (the common Bracken) and Phe- 
gopleris calcarea; but they may be also 
very short, so that the leaves form a close 
crown at the apex of the stem, while the F ' 8 - ns - MUantum Capaw.. 
older portion is closely crowded with the Rcen from below with yonn* 
remains of the leaves that have died off. Fern attached to it; t> its first 

fr . »,•» n Ji'j Hi 1 leaf; w ' w " itB first ttnd second 

The stems of the first kind usually branch roota . h root .hairs of the pro- 
very freely, the branches arising in the axils thallium (about x 3). (After 
of the leaves, as in Phegopteris calcarea , or Saclis ^ 
dorsally to them, as in Fteris aquilina : the more leafy stems, on the 
contrary, branch less. The leaves are sometimes arranged in two 
rows, particularly when the stem is elongated {e.g., Pterin aquilina) ; 
and this peculiarity is not unfrequently exhibited, that the two series 
of leaves approach each other on the dorsal surface of the stem, e.g., 
Polypodium vulgare ; but they are sometimes arranged in a spiral, 
with a considerable angle of divergence. The blade of the leaf is 
usually much branched, and in its early growth it is curled spirally 
forward on itself into the shape of a crozier (circinate vernation). 
The hairs are often conspicuous by their size aud breadth, and 
frequently completely envelope the young leaves and the growing 
part of the stem; they are called pale.ee or rameuta. The roots 
spring usually from the leaf-stalks of those species the stem of 
which is very densely covered with leaves, e.g .,Nephr odium Filix-ma$ ; 
they form a thick felt-like covering on the trunks of tree-ferns, 
which sometimes exceeds the diameter of the stem itself in thick- 
ness. 

The production of spores is exclusively confined to the leaves, and 
it takes place without their undergoing any important metamor- 
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pliosis. In many cases the fertile leaves are hardly to be dis- 
tinguished from the barren ones, and where a difference is perceptible, 
it consists almost only in this : that the fertile leaf — or portion of 
the leaf — developes little or no mesophyll. The fertile leaves aro 
never confined to a particular region of the stem, still less to any 
particular branch ; but the stem bears at first only barren leaves, 
and, as it grows older, produces fertile leaves periodically, as well as 
sterile ones . 

The Sori consist of groups of sporangia which are arranged in a 
certain relation to the venation of the leaves, and their form and 



Fig. 120.— Sori of the most important groups of Ferns, all seen from below. A Pinna of 
PtilophyUum stnuosum, one of the Hymcnophyllacefe ; r receptacle ; s sporangia; i intlu 
slum ; at a half of the indusium is removed. B Pinna of Davallia-art, s the undorsido of the 
indusiura (t) is turned back, the upper half is become part of the leaf margin. C Part of a 
leaf of Pteris serrulata : s the sporangia ; m the inverted margin. DLacmiaof Nephrodium — 
at s the indusium is removed, and at r the sporangia also. E Lacinia of an Asplenium-at 
a the indusium is turned back. F Pinna of Polypodium vulgare- at r the sporangia are 
removed (all are x 3 to 0). 

distribution is characteristic of genera and even of still larger 
divisions. In many genera, e.g., all the Hymenophyllacece (Fig. 120 
^1), Dicksonia and Davallia, the sorus is situated at the margin oi 
the leaf at the extremity of a vein, and consists of two parts, a central 
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part which bears the sporangia, known as the receptacle (Fig. 120-4 r), 
which is an elongated, filiform, or short cushion-like stmetnre, and 
a cup-shaped, sometimes deeply two-lobed integument, the indusium 
(Fig. 120 A i). In most Ferns tho sorus is at some distance from 
the margin of the leaf, on the under surface ; the indusium then 
appears as covering the receptacle on one side only (Fig. 120 BBE), 
and its form varies in the different genera. The half of the primi- 
tively cup-shaped indusium, corresponding to the upper surface 
of the leaf, has disap peared (Fig. 120 B). In many genera the 
indusium has disappeared altogether; the sorus is then said to be 
naked (Fig. 120 F). Many Ferns bear the sporangia in a marginal 
row which may be supposed to have originated by the coalescenco 
of contiguous sori. The inferior indusium, in such cases, is usually 
not present : the margin of the leaf covers the sporangia as a so- 
called spurious indusium (Fig. 120 C). Finally, in some Ferns, the 
sporangia do not form sori, but are scattered over the whole of tho 
under surface of the leaf, on the mesophyll as well as on the veins. 
The hair- like structures which the receptacle sometimes bears inter- 
spersed among the sporangia are known as paraphyses. 

The Sporangium (Fig. 121) is a capsule 
with a wall of a single layer of cells, and 
having a short stalk; it is rarely sessile. 

The spores commonly originate from the 
repeated division of a single cell which oc- 
cupies the centre of the young sporangium ; 
in only a few families the sporangium is 
developed from a group of cells, of which 
the inner cells constitute tho mother-cells 
of the spores. In direct relation to the 
mode of rupture of the sporangium are 
certain cells, which have a peculiar struc- 
ture, and which are much thickened : they Fig. 121 .— Sporangium of one 

. ' J of the Polypodiacese (x 300): 

form a ring or annulus , which, m some a stalk; r the ring which ox- 

families, is completely closed, and in others tends 10 the atomium at this 
not so (Fig. 121 r), or they may be con- rupture s. om y a few of the 

nected in some other form, but in any case spores (*p) are indicated, for the 

i n j i n • i e sake of distinctness, 

the aggregate of these cells is spoken of 

as the annulus (Fig. 122 r). The structure of this annulus is an 
important characteristic of the various families. 

The group of the Ferns includes the following eight families, o£ 
which some are exclusively tropical, and the others, though they have 

M 




162 


PART IV.— THE CLASSIFICATION OF PLANTS. 


representatives in temperate climates, attain their most perfect 
development in the tropics. 

Family 1. Hymenophyllacece ; this contains the simplest forms. 
The mesophyll almost always consists of a single layer of cells ; the 
sorus is always marginal (Fig. 120 A), the sporangium sessile or 
shortly-stalked, and the annulus entire. The protliallium resembles 
in structure the protonema of Mosses. 

Almost all the species are tropical. Trichomanes radi.ca.ns and Hymcnophyllum 
Tunbridgense and unilaterale (or lVilsoni) alone occur in England. Some species 
of Trichomanes have no true roots. 

Fam. 2. Polyp odiacece. The annulus of the stalked sporangium 
is incomplete (Fig. 121 r), that is to say, it is not continuous at the 
base: each sporangium is developed from a single epidermal cell. 
Almost all our native Ferns belong to this family, which is excep- 
tionally rich in species. 

The following sub-families may be distinguished, characterized 
by the position of the sorus. 

(a) Davalliacea. Sorus marginal, or nearly so ; indusium cup-shaped (Fig. 

120 £). 

(b) Pteridece, Sori coalescent along the margin of the leaf (Fig. 120 G) ; 
indusium spurious. Pteris aquilina, the Bracken, has a stem which grows at 
some depth below the surface of the soil and throws up every year a single large 
much-segmented leaf (frond). Adiantum, the Maiden-Hair, and Blecknum 
(Lomaria), the Hard-Fern, belong to this group. 

(c) Aspidiece. Sorus on the lower surface of the leaf, orbicular in form and 
covered by a peltate or reniform indusium (Fig. 120 D). Nephrodium Filix mas , 
the male Fern, and other species resembling it, with a thick tufted crown of 
leaves, are not rare in woods. Aspidium is the Shield-Fern. Woodsia and 
C^rtopteris also belong to this group. 

(d) Aspleniece. The sorus, which is situated on the under surface of the leaf, 
is elongated or linear, and the indusium springs from the vein to which it is 
attached (Fig. 120 E). Asplenium Rata muraria is not uncommon on walls and 
rocks ; A. Trichomanes is also abundant, with simple pinnate leaves and a 
shining black rachis. A. Filix feemina is common in damp woods. Scolopen- 
driurn vulgare , the Hart’s tongue, with entire leaves, is common in damp hedge- 
rows and woods. 

(e) Polypodiea ?. The sorus, which is on the under surface of the leaf, is naked 
(Fig. 120 F). In the section Polypodium the leaves are articulated to the stem, 
so that when they die and fall off they leave a roundish scar : the leaves are 
usually borne in two rows on the dorsal surface of the rhizome. Polypodium 
vulgare , with simple pinnate leaves, is common on tree-trunks, rocks, etc. In 
the section Phegopteris the leaves are not articulated to the stem, so that when 
they die fragments of the leaf-stalks remain attached to it. 

(/) Acrostichea. The whole underside of the leaf is covered with sporangia 
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Fam. 3. Gyatheacece. Distinguished from the Polypodiaceoe only 
by the presence of a complete annulus. 

The tree-ferns belong to this family. Cibotium and Picksonia have marginal 
Bori with cup-shaped indusia: Cyathea and Alsopliila have their sori on the 
under surface of the leaf. 

Fam. 4. Glcicheniaceai and • 

Fam. 5. Schizosacece occur only in the tropics. 

Lygodium is the most remarkable genus, its pinnate leaves grow to a great 
length and twine round supports by means of their midribs. 

Fam. 6. Osmuudacece. The shortly-stalked sporangia (Fig. 122 
I?), instead of a ring, have a peculiar group of cells (Fig. 122 JJ r) 
just below the apex ; they burst 
open by a longitudinal slit on the 
side opposite to this (Fig. 122 d ). 

Osmuiula regalis, the Fern-Royal, is a 
not very common but well-known Fern. 

Only the upper pimue of the leaves are 
fertile and develope little or no meso- 
phyll ; the sori are marginal and consist 
of a great number of sporangia : they 
have no indusium, Fig. 122 ( A s). 

Fig. 122 . — Osmwnda rcgalis. A Fertile 

Fam. 7. Marattiaccce. The spo- pinna with naked marginal sori (*). Some 
P . rocsophyll is, however, developed at the 

rangia of each sorus are coherent, base (na t. size), u A solitary sporangium 

and appear as the loculi of a multi- < x200) ♦ at, the short stalk ; r the annulus ; 

i 1 • d the longitudinal slit, 

locular sporangium or synangium : 

they are not developed each from a single cell, hut from a group 
of cells. The leaves, which are usually of enormous dimensions, 
have large stipules at their base. 

Marattia, Kaulfussia, Angiopteris, and Damea are tropical genera. 

Fam. 8. Ophwglossece. This is the most aberrant of the families 
of Ferns; nevertheless it is allied to the above-mentioned families 
by many features. The prothallium is not a flat layer of cells con- 
taining chlorophyll, but a subterranean mass of tissue, containing 
no chlorophyll. The stem of the spore-hearing plant is always 
short, and in the indigenous species it is subterranean ; it throws up 
a- single aerial leaf, or two or three simultaneously. The leaves to 
be developed in the following year are already formed at the end 
yf the stem and are enclosed in a sheath formed by the base of the 
mature leaf and its stipules. The fertile leaves are distinguished 
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f rom the barren ones by the production, from the upper side of the 
petiole, of a branch which bears the fructification. The sporangia 
are large and marginal, and are borne either directly by this branch, 
as in Ophioglossum, or by its lateral branches, as in Botrycliium 
(Fig. 123 /). The sporangia are developed from groups of cells 
and have no annulus. In Ophioglossum 
they are sunk in the tissue. 

Op h iofj lossnm vu l<ja turn is rather rare: it has 
an entire tongue-shaped lamina and a linear 
unbranched fructification. Butnjchium Lunar ia 
is tolerably common in mountainous districts; 
its lamina is pinnate and tho fructiGcation is 
paniculate. 

Order 2. RmzocARPEiE (Pepperworts). 

The spores are of two hinds; the 
macrosporangia each contain a single 
macrospore ; the microsporangia contain 
numerous microspores ; the profit alii a are 
small and project hut little from the 
spores. 

Fam. 1. Salviniacem. Salvinia is the 
only genus. The male protliallium is a 
filament which is developed from the 
microspore. The anfherozoids are formed 
in two cells at the free end of this fila- 
ment, which represent a rudimentary 
anf hcridium. 

The female prothallium projects but 
little from the spore. 

The stem of the spore-bearing plant 
floats on the surface of the water and 
bears on its upper surface four rows of 
flat, green, aerial leaves (Fig. 124 /) and 
on its undersurface two rows of dissected 

Roots are 



Fio. 123. — Ttotriichinm Lunaria 
( 'nat. size) : w roots ; st stem ; 

leaf-sheath ; a: point where the . _ 

leaf branches; the sterile lamina aquatic leaves (big. 124 w) 


\b) separating from 
branch (/). 


tho 


fertile wholly absent. The sori are situated on 
the aquatic leaves (Fig. 124 s ) ; each 
separate sorus is completely enclosed in a thick indusium, and has a 
diameter of about 5 millimetres. Within this fructification the 
sporangia are borne on a columnar receptacle ; in some sori there 
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are numerous microsporangia witli 
long stalks (Fig. 124 B i ?), in others 
a smaller number of shortly-stalked 
macrosporangia (Fig. 124 B a). 

Salrinia natans occurs in the warmer 
parts of Europe and in the Tropics. 

Fam. 2. Marsiliacem. This family 
includes two genera, Marsilia and 












Fig. 124.— Apical portion of the stem , JT [mw 

of Salvinia natans, seen obliquely from J f v ' '[ 1 Ir f 

below (nat. size) : 1 1 aerial leaves ; w io " t h '[ f 

aquatic leaves, with a sori, s c ; h terrni- v f M ' . It 

nal bud of the stem, li Longitudinal M. t] : # 

section through throe fertile teeth of an < f ' ■ J ; jp 

aquatic leaf (x 10) ; it two Bori with ^ \JL 

microsporangia ; a one with macrospor- j jrr p 

angia. (After Sachs.) / |j ||| j| 

Pilularia. The formation of a male j V I nljf 

protliallium does not take place ; the IJlj L. J L 

whole contents of the microspore undergo fflT IVnEK) 

division and give rise directly to a num- JAfWl j jj|l 
her of small cells, in each of which an J|j[j f J/j’lil, 
antherozoid is formed. 

The stem of Marsilia creeps along the 126 ; “ SLom “ a 

t ® mlvatrix with leaves (reduced one- 

bottom beneath the water (Fig. 125) and half). K Terminal bud ; bb leaves; 

bears on its Tipper surface two rows of f f fructifications springing from 
1 . , , , , . , .. n . _ _ . the petioles, 

leaves with long petioles and quadri foli- 
ate larainee. The under surface of the stem bears only roots. The 
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fertile leases branch above their insertion; the one branch is quite 
similar to a sterile leaf, the other bears a legnminoid fructification 
(Fig. 125/), which contains several sori enclosed by indnsia. This 
fructification, like those of the Phanerogams, consists of an infolded 
leaf. The sporangia are developed each from a single cell on the 
inner surface of the wall of the fructification. Each soras contains 
both macro- and micro- sporangia. 

Marsilia qua drif alia occurs in temperate countries, and many other very 
similar forms abound in warmer climates. 

Pilularia glohulifcra has narrow bladeless leaves, and the fructification is 
globose, but otherwise it greatly resembles Marsilia. It occurs in England. 


Class VI.— EQUISETHLE. 

The fertile leaves are arranged 'in whorls and form a spike at the 
apex of the stem; they are peltate and hear the sporangia , which are 
developed from groups of cells , on their inner surfaces. The spores 
are all of one kind. 

This class contains but one genus, Eqnisetum (the Horsetail). 

The prothallium is much branched and corrugated : it hears the 
anthcridia at the extremities of the lobes, and the archegonia in the 
angles between them. 

The spore-bearing plant consists of a subterranean colourless 
stem which every year throws up green branches which usually die 
down in the autumn. The leaves are represented by an annular 
dentate leaf-slieath at each node (Fig. Vl6Av). The outer surface 
of the aerial internodcs is usually not smooth, hut striated with 
longitudinal ridges and furrows (Fig. 12G />) : each ridge corre- 
sponds to a tooth of the leaf- sheath. This external con figuration 
of the stem is intimately connected with its internal structure. Tho 
libro- vascular bundles arc arranged in a circle (Fig. 126 B s), in 
each bundle there is a cavity, the lacuna (/»:), which is formed by 
the separation of the annular vessels ; the fibro- vascular bundles lie 
on the same radii as tlie ridges on the stem. There are also large 
cavities in tlie cortical tissue which lie internally to the grooves 
(Fig. 12G Iff). The pith too is replaced by a large air-space, the 
central cavity (Fig. 12G JJ c). The branches spring from the base 
of the sheath between the teeth ; they are similar in structure to 
the main stem. 

The fertile branches terminate in a spike (Fig. 126 A a), formed 
of the leaves, which are transformed into peltate scales bearing 
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sporangia. The last leaf-sheath below the spike is rudimentary) and 
is called the ring or annulus (Fig. 126 A w). The scales stand 
in numerous whorls ; they have stalks and hear the sporangia on 
their internal surface. The sporangia are sac-like and open in- 
wards by a fissure (Fig. 126 G sj>). The spores are enclosed by 


two coats, the two being 
connected at one point 
only. The outer mem- 
brane splits along a spiral 
line into two spiral bands 
( elaters ) which, when 
they are dry, are extended 
cross- wise, but roll up 
under the influence of 
moisture. 

Tho different species of 
Equisetum all inhabit damp 
places, bogs, wet fields, and 
woods. While some of the 
tropical forms attain an im- 
mense height and thickness, 
and the fossil forms were of 
gigantic proportions, our in- 
digenous species reach at the 
utmost the height of a few 
feet, and a thickness of per- 
haps half an inch. In E. 
arvrnse and E. Tehncitein the 
fertile shoots appear in the 
spring before the barren ones, 
and are devoid of chlorophyll, 
while the barren ones are 



Fra. 126. — A Upper portion of a fertile branch of 
Equisetum palustre. v Loaf-sheaths, below which the 
branches (r) spring; w the uppermost sterile sheath; 
a the spike ; s the peltate fertile leaves. Ji Transverse 
section of the stem (x 6): c central cavity; s tho 
fibro-vascular bundles arranged in a circle, each having 


green. E. palustre (Fig. 126), B cav jty, k; f the cavities below tho groves; r the 


limosum , hyemale , etc., hear 
their spikes at the extremity 
of ordinary green branched or 
unbranched shoots. E. syi- 


ridges. C Peltate leaf with sporangia (x 10): st the 
stalk; sp the sporangia. D Diagram of the course 
taken by the fibro-vascular bundles whore two inter- 
nodes meet ;ii the internodes ; k the node. 


vaticum produces fertile shoots which, till the spores are ripe, perfectly resemble 
those of E. arvense , which are devoid of chlorophyll, but afterwards they beat 


green lateral shoots, in consequence of which they come to be very similar to 


the sterile stems. 
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Class VII.— LYCOPODIRzE. 

The leaves are for the most part small , the fertile leaves often 
confined to a particular region of the stem. The sporangia , which are 
developed from groups of cells, are almost always borne in the axils of 
the leaves or close to the bases of the leaves on their upper sides. 

Order 1. Lycopodiej:. 

The spores are all of one kind, the prothallium large and indepen - 
dent. The sporangia are outgrowths from the bases of the leaves, and 
are situated in their axils. The stem grows greatly in length and bears 
numerous leaves; which are very small in proportion , 

The prothallinm of Lycopodium is a subterranean mass of tissue 
of considerable size which bears archegonia and antheridia. 

The stem of the spore-bearing plant grows greatly in length : it 
usually creeps on the ground and branches in various planes in an 

apparently dichotomous 
manner. The internodes 
are short, the leaves are 
closely placed in a scattered 
spiral, or they are decus- 
sate. The roots branch 
dichotomously. The spo- 
rangia originate from the 
tissue of the upper surface 
of the fertile leaves and 
project outwards. The 
fertile leaves, in some 
species, e.g., Lycopodium 
Selago, exactly resemble 
the sterile ones ; in others 
they differ from them and 
are not green : in this case 
Fig. 127.— Portion of Lycopodium clavat um, somewhat they form a Sort of Spike 
smaller than nat. size ; 8 the fructification. which in L. clavatum 

grows on a stalk bearing small leaves (Fig. 127 s). 

L . clavatum and annotinurn (Club-Mosses), are the commonest species 
which occur in our woods. The exotic genera Tmesipteris, Phylloglossum, and 
Psilotum (which has no true roots) differ considerably from Lycopodium in theix 
habit, but are as yet imperfectly known. 
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Order 2. Selaginellej:. 

The spores are of two hinds; the macro sporangia each contain four 
macrospores, the microsporangia , a great number of microspores ; both 
forms of sporangia are situated in the axils of the leaves . The pro - 
thallia are small and project but little from the spores. The stem 
grows considerably in length a?id bears numerous short leaves. 

The genus Sclaginella has some external resemblance to Lycopo- 
dium; the stem branches dichotomously, but always in the same 
plane, and often forms a highly complicated branch-system. In some 
species the stem creeps on the ground, in others it is upright and 
even shrubby. The internodes are short, and bear short somewhat 
ronnded leaves, which are usually inserted in four rows and have 
different forms on the two sides of the stem, so that each pair of de- 
cussate leaves consists of a large inferior leaf and a small superior 
leaf (Fig. 128 u and o ). At the base 
of each leaf there is a small mem- 
branous ligule. The roots branch 
dichotomously in alternate planes at 
right angles to each other. The spo- 
rangia are situated in the axils of the 
fertile leaves, which sometimes differ 
somewhat in form from the sterile 
ones. The microsporangia are usually 
higher up on the shoot than the 
macrosporangia. Each of the latter 
contains four macrospores, for only 
one of the numerous mother-cells 
divides into four daughter-cells, which 
are developed into macrospores. 

The prothallium is formed in the macrospore, just beneath tne 
apex, whilst it is ripening : subsequently, when the spore germinates, 
the protliallium protrudes from the apex of the spore, the wall 
having ruptured along its three angles, and it there bears one or 
more archegonia. The rest of the cavity of the spore is then filled 
with a parenchymatous tissue, which may be termed the endosperm 
(Fig. 118). 

In the microspore the prothallium is only rudimentary ; it is re- 
presented by one cell, which undergoes no further changes, whilst 
from the others the mother-cells of the antherozoids are formed by 
repeated division, 



Fm. 128.-— Sclnginella helvetica (nat. 
size) : s the upright fertile shoot, with 
sporangia in the axils of the leaves. 
On the procumbent sterile shoots, the 
leaves on the under side (it) aro larger 
than those on the upper side (o). 
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8. selayinmdes is the only indigenous species ; it grows in bogs and marshea. 
Several species, such as S. Kraussiana , inccqualifolia , etc., are cultivated. 

Order 3. IsOETEiE. 

The spores are of two lands ; the macrospores are numerous in the 
macrosporangia. Both hinds of sporangia are situated at the bases of 
the leaves on their upper surface. The protli allium is small and 
projects but little from the spore. The stem remains short and bears 
numerous long leaves. 

The genus Isotitcs includes aquatic plants which live at the bottom 
of lakes, etc. The stem is short ; along two or three longitudinal 
lines on the stem a considerable growth of the cortical tissue forms 
projecting wings, between which the roots are produced. The leaves, 
which are numerous, have a well-developed sheath separated from 
the long and narrow lamina by a pit, th e fovea, which bears a ligulo 
on its upper margin. 

The sporangia are situated in this pit ; the macrosporangia occur 
on the outer leaves, the microsporangia on the inner ones. Both 
sorts of sporangia contain cellular filaments among the spores. 

The development of the prothallium is similar to that of Sela- 
ginella. 

Isoetes Ificustris and other species occur in lakes where the water does not con- 
tain much lime. 


GROUP IV. 

PHANEROGAMS. 

The most conspicuous character of this group is the formation of 
seeds, which are produced, in consequence of fertilisation, upon the 
plant itself, and are detached from it only at maturity. The seed 
contains enclosed in its coat, or ie^ta, an embryo, — that is to say, a 
young plant. This is usually already so far developed that stem, 
leaves, and root are formed to a certain extent, so that after a period 
Df rest it at once dcvelopes, at the time of germination, into an 
individual resembling its parent. Besides the embryo, the seed 
usually includes a tissue, called the endosperm, which in many orders 
is absorbed by the embryo at an early stage before the seed is ripe, 
and in a few others is never developed at all. 

In the Vascular Cryptogams, the structures which are thrown off 
for the purpose of reproducing the plant are unicellular spores, which 
more or less directly give rise to the sexual organs ; but in the 
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Phanerogams, fertilisation takes place upon the plant (sporophore) 
itself, and the structure which is thrown off for the purpose of 
reproduction is an embryo invested by parts of the parent plant. 

As in many of the Vascular Cryptogams (Equisetum, many Sela- 
ginellejB and Lycopodicne), the spore-bearing leaves differ in form 
from the foliage-leaves, and are collected together on certain regions 
of particular short axes, so in the Phanerogams the reproductive 
organs are modified leaves which are collected together at the apex 
of a short axis. This shoot, the leaves of which are thus modified 
to subserve reproduction, is called the FI nicer. 


The most important organs of 
the pollen-sacs in which the male 
reproductive bodies, the pollen - 
grains, are contained (Fig. 129 p), 
and the carpels, which usually 
bear the ovules ; within the ovule 
the oosphere is situated (Fig. 129 

m- 

The stamens, regarded collec- 
tively, form the androccium of 
the flower, and the carpels the 
gynoecinm. Tn addition to these, 
the flower includes other foliar 
organs which, however, are not 
directly concerned with repro- 
duction : these form the perianth 
(Fig. 129 Ke K). When these 
three sets of organs are all pre- 
sent in a flower, the perianth is 
always situated most externally, 
that is, at the lowest level upon 
the floral axis ; then comes the 


the flower are the stamens, bearing 



Fra. 120. — THagraA of a Flower. Ke Calyx. 
K Corolla; / filament; a anther with two 
pollon-sacs in each half, which ore opened, 
showing the pollen-grams (j>). These fall on 
the Rtigma, and the pollen-tube (ps) penetrates 
the style (g) as far as the cavity of the ovary 
(F), teaching the ovule (S) ; i the integumCT t 
of the ovule; em the embryo-sac. E The 
oosphere. 


androccium, and finally, nearest to the apex of the axis, the gyncx> 


cium. 


The pollen -grains are formed in the pollen-sacs by the division of 
the mother-cells into four. The wall of the pollen-grain consists of 
two layers, an external, the extine , wdiich is firm and often covered 
with asperities ; an internal, the intine , which is very thin : the cell- 
contents consist of granular protoplasm, which has been termed 
fovilla. In the Angiosperms two or more nuclei are present in the 
pollen -grain, and the protoplasm is aggregated round them so as to 
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form masses of various sizes ; although these masses are not covered 
with cell-walls, they must be regarded as being cells. In the 
Gymnosperms, however, each of these cells has a cell- wall, and the 
pollen-grain is therefore obviously multicellular. The pollen-tube , 
by means of which fertilisation is effected, consists of the intine 
and the contents of the grain ; it grows out, through the ruptured 
extine, from the largest of the cells contained in the pollen-grain. 

The pollen-grains correspond to the microspores of the higher 
Vascular Cryptogams. The fact that they are multicellular recalls 
the rudimentary prothallium formed in the microspores of Selagi- 
nella, but no formation of antherozoids takes place. The pollen-sacs 
correspond to the microsporangia, and the whole stamen to a leaf of 
Selaginclla bearing a microsporangium. 

The carpels are either open, bearing the ovules on their surfaces 
(Gymnosperms), or they form, or contribute to form with the axis, 
a structure in which the ovules are contained, the ovary (Fig. 129 
F), which, when mature, is the fruit (Angiosperms). 



Fig. 130. — Diagram of the Ovule. A Orthotropous. B Anat,roponB. C Campy lotropousj 
/ fnnicle; ai the outer integument; ii the inner integument; m micropylo; k nucellus ; 
em embryo-sac; r the raphe; c chalaza. 

The Ovule consists of three parts : 

1. A stalk, called th e fnnicle, by which it is attached to the parent 
plant (Fig. 130/): the point of junction of the funicle with the 
ovule is termed the Jiilum. 

2. One or two coats, the integuments (Fig. 130 ai u), which do not 
completely close at the anterior end, but leave a short canal known 
as the micropyle (Fig. 130 m) : the point of junction of the nucellus 
with the integuments is termed the chalaza (Fig. 130 c) : in some 
cases (Fig. 130 A, G ) the chalaza and hilum coincide, in other cases 
they may be more or less widely separated, as in Fig. 130 B, whore 
they are separated by the whole length of the ovule. 

3. A central cellular mass, the nucellus (Fig. 130 k). 
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According to the relative position of these three parts, the follow- 
ing forms of ovules are distinguished : 

a. Atropous or orthotropous , when the nucellus lies in one and the 
same straight line with the funicle which is usually short (Fig. 130 A). 

b. Analropous (Fig. 130 7?), when there is a curvature at the point of 
attachment of the nucellus with its integuments (hilum) to the elon- 
gated funicle (: raplie ), the integuments coalescing with the raphe. 

c. Campylotropous (Fig. 130 C ), when the nucellus wdth its in- 
tegument is curved on itself. 

One cell of the nucellus increases greatly in size and constitutes 
the embryo-sac . , within which, at tlie anterior end of the ovule (that 
is to say, the end at which ;hc micropyleis situated), is the oosphere : 
in Angiosperms this cell is developed directly by free cell-formation 
(see p. 205), but in Gymnospcrms it is formed indirectly in a special 
organ, the corpusculum (see p. 177). 

Fertilisation is effected as follows : a pollen-grain falls either 
directly upon the micropyle, as in the Gymnosperms, or on to the 
apex of the ovary, which is specially adapted to receive it, as in the 
Angiosperms, and it then throws out a long tube, known as the 
pollen- tube (Fig. 129 ps). This extends to the oosphere (Fig. 129 
E) through the micropyle, and the oosphere is fertilised in con- 
sequence of the contact. The result of the fertilisation is that this 
cell becomes surrounded by a membrane and begins to grow towards 
the interior of the embryo-sac, forming a row of cells, the suspensor, 
of which the inferior terminal cell forms the embryo by cell-division. 

A parenchymatous tissue is developed within the embryo-sac, the 
endosperm , in the Gymnosperms before fertilisation, in the Angio- 
sperms not until after it. It usually originates by free cell-forma- 
tion, isolated cells being formed in considerable numbers which, as 
they grow, come into contact and then multiply still further by 
division. In rare cases (<\y., Alismaceoe) the formation of endo- 
sperm docs not take place. In many plants the endosperm is 
displaced and consumed by the developing embryo, so that it has 
disappeared by the time that the seed is ripe. 

In contradistinction to the endosperm, the term perisperm is ap- 
plied to the cellular tissue whicli is contained within the ovule, but 
which lies externally to the embryo-sac : it is in fact a permanent 
portion of the nucellus, and it is found in relatively few families of 
plants (Fig. 157). 

The comparison of the female sexual organs and of the modes of 
fertilisation of Phanerogams w T ith those of the Vascular Cryptogams 
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is somewhat difficult, and will be entered upon when the Gymno* 



Fig. 131.— Puma j»inea. I Longitudinal section 
through the middle of the seed; y the micropylar end. 


sperms are being con- 
sidered. 

The embryo, as it is 
contained in the ripe 
seed, usually exhibits 
distinct differentiation 
into stem , leaf, and root. 
This first root (Fig. 131 
w ) — the primary root — 
lies in the same straight 
line as the stem which is 
very short. At the op- 
posite end the stem bears 
the first leaves (Fig. 131c) 
which are usually strik- 
ingly unlike the leaves of 
later growth, and are 
known as cotyledons oi 
seed-leaves. Sometimes 
the next leaves are dis- 
tinctly visible, forming a 
terminal bud, and these 
constitute the plumule. 
The portion of the stem 
which lies below the 
cotyledons is the hypo- 
cotyledonary portion (Fig. 
131 III h c) ; it merges 
gradually into the root, 
and the two together are 
designated as the radicle. 


11 Commencement of germination, emergence of the 'J'he intern ode next above 

root. Ill Completion of germination, after the endo- . 

sperm lias been absorbed (the seed lay too near the tllO cotyledons IS the epi- 


surfuoe, and was therefore raised up by the cotyledons cotyledonary portion. The 
when tho stem began to grow). A Shows the rup- . . , . 

turn! testa (*). H The endosperm ( 0 ), one-hair of the cm bryo always lies SO 1C 
testa having been removed. C Longitudinal section tllO Ovule that the apex 
of the endosper. and embryo. I) Transverse section n , i • , . 

” . * r . . or the primary root is 

at tbo common sement of germination ; c the cotyle- 1 J 

dons; v) the pr mary root; a; tlio embryo-sac imslicd directed towards til© 


out by it (ruptured in B); he hypocotyledouary portion 
of the axis; .J secondary root; r red membrane 
within the hard testa. 


micropyle ; on germina- 
tion the root grows out 
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through it. Tho integuments of the ovule constitute the testa of 
the ripe seed, and occasionally during the ripening process another 
outer integument is formed, known as the arillus, as in the Yew and 
the Spindle-tree. 

All flowers do not consist of the three parts above-mentioned, the 
perianth, the andrcocium, and the gynoecium ; the perianth, for 
instance, is absent in many flowers. Those flowers which include 
both male and female organs are called hermaphrodite , commonly 
indicated by the sign 3 ; but there arc many plants in which some 
of the flowers (irrespectively of the perianth, which may be present 
or absent) possess male organs only, and others female organs only. 
Such flowers .are called diclinous or unisexual , the former being 
male and the latter female ( $ ). When the flowers of both 

sexes are borne by one individual plant, they are said to be monoe- 
cious ; but when they occur on distinct plants, they are said to be 
dioecious: it is permissible in that case to speak of male and female 
plants. When the same plant produces both, hermaphrodite and 
unisexual flowers, it is said to b e polygamous. 

Plants of which the individual perishes after once producing 
flowers and seeds are termed monocarpous ; in rare cases several or 
even many years elapse before the blossoming occurs, e.g., Ajave 
americana . More common are annuals (indicated by the sign ©), 
i.e ., plants which complete the whole course of their development 
in the course of a single year, as the Wheat ; or biennials (Q), 
plants which do not blossom till the second year of their growth, 
and then perish, as the Turnip. By poly car pons plants are meant 
those of which each individual produces flowers and fruit repeatedly, 
year after year; trees and shrubs are thus perennial, and have sub- 
aerial woody stems or trunks, and there are perennial herbs and 
plants which have underground rhizomes, tubers, etc. 

The group of Phanerogams falls into two divisions, the first con- 
taining only one class, the second two classes. 

A. Gymnospcrmce. The ovule is naked ; that is to say, it is not 
enclosed in an ovary, but is attached to a carpellary leaf or simply 
to the axis of the flower. The endosperm is developed in the 
embryo-sac before fertilisation; the oosphere is situated within 
a special organ, the corpusculum. 

Class VIII. Gymnospermce. 

B. Angiospermce. The ovule is enclosed in an ovary; the endo- 
sperm is not formed in the embryo-sac before fertilisation, and the 
oosphere is formed by free cell- formation. 
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Class IX. Monocotyledons. The embryo has but one coty- 
ledon, and the ripe seed usually contains much 
endosperm. 

Class X. Dicotyledons. The embryo has two opposite coty- 
ledons, and the endosperm is frequently all ab- 
sorbed before the seed is ripe. 


DIVISION A. 

Class VIII. — GYMN 0 SPERMiB. 

The ovule is not enclosed in an ovary; it is attached either to an 
open carpel , or to the axis, no carpel being present. The endosperm 
is formed in the embryo-sac before fertilisation , and the oosphere is 
developed in a special organ , the corpusculum. 

The flowers are always diclinous, frequently dioecious, and almost 
always without a perianth. The male flowers consist of a prolonged 
axis on which numerous stamens are inserted. These are some- 




Fig. 133.— Process of fertilisation in 
Fig. 132.— A Male flower of Alien yectinata ; Pinus (a magnified diagram): m micro- 
b bracts; a stamens. Ji Pollen-grain highly pyl o; i integument; lc nucollus; c the 

magnified; e extine with a bladder-like expan- oosphere; H neck of the corpusculum; 

eion (61); t intine ; y the included cells. (After e endosperm filling the embryo-sac; p 
Sachs.) pollen-grains ; s tlio tubes. 

times peltate, like those scales of Equisetum which bear the spo- 
rangia, but sometimes they have a greater resemblance to an 
ordinary petiolate leaf. They bear on the inferior surface two or 
more separate pollen-sacs (Fig. 132 A a), which open longitudinally, 
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so as to allow the pollen-grains to escape. These always consist ot 
at least two (Fig. 132 I>), and often of several cells, from the largest 
of which the pollen- tube is developed. In the course of this pro- 
cess the ex tine is usually ruptured and shed, but in some rare cases, 
( \g ., in the Cycadem, it is pierced by the pollen-tube. 

The female flowers are usually prolonged axes, which in some 
cases bear carpels upon which the ovules are inserted, and in others, 
bear the ovules directly, carpels not being present. The carpels 
are frequently closely packed around the ovules, but they do not 
form an ovary. 

The ovule is commonly ortliotropons, with a very short funicle 
and having but one integument. The nuccllus is large and tli6 
embryo-sac is at some distance from the micropyle (Fig. 133 e ) ; 
the sac becomes filled with endosperm in which, at the anterior end 
several corpuscula are developed (Fig. 133 c). Each corpusculum 
consists of a neck (Fig. 133 h), which is formed of one or of a 
small number of small cells, and of a large central cell, the oosphere 
(Fig. 133 c). From the structure and arrangement of these organs 
it may be seen that the Gymnospcrms occupy an intermediate 
position between the Phanerogams and the higher Cryptogams. 
The embryo- sac corresponds to the macrospore ; in this case it gives 
rise to a prothallium (the endosperm) without becoming separated 
from the parent-plant ; on this prothallium several archegonia (the 
corpuscula) are produced. The pollen-grains correspond to the 
microspores, but they do not here give rise to antherozoids. The 
pollen-grains are borne by the wind to the micropyle ; they are 
conveyed through it by the fluid there secreted to the nuccllus, and 
they penetrate its tissue by means of the pollen-tubes ‘which they 
protrude ; each tube makes its way through the neck of a corpuscu- 
lum, coming into contact with the oosphere, which is thus fertilised 
(Fig. 133 s ). The fertilised oosphere elongates downwards, forming 
a suspensor bearing the embryo at its inferior extremity. 

The ripe seed always contains endosperm in the midst of which 
the embryo lies longitudinally, its root-end being turned towards 
the micropyle (Fig. 131 It/). The stem bears two or more coty- 
ledons arranged in a whorl (Fig. 131 c ). 

The class contains the following three orders: 

1. Cycadece. The trunk is rarely branched, or not branched at 
all ; the leaves are large and much branched. 

2. Coni farce . The stems are much branched, the brandling being 
axillary and monopodial ; the leaves arc very small and entire. 

N 
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3. Gnetacece. The habit of these plants is various; they dis- 
tinctly approach the Angiosperms in the character of their flowers. 


Order 1. Cycadeas. 

The stein is slightly branched or not at all; the leaves are largt 
and branching . 

The Cycadeoo are plants which, in many particulars, have affinities 
with the Ferns, while, on the other hand, in external appearance 
they resemble the Palms. The stem is tubercular or cylindrical 
and thickly set with leaves. The leaves are of two kinds — some 
being scale-like, brown, and dry, closely covering the stem, the 
_ others being green, pinnate, 

v f| \| and of a leathery consistency ; 

^ these last are produced an- 
VjVggj nually, or at a longer interval, 

J) anf i f°rm a magnificent crown 
B IjL 'ij // at the apex of the stem. 

\ g Tlie flowers are produced 

1 1 terminally at the apex of the 

wp/' 7 s ^ cm ’ the male and female 
^ ^ !■ flowers being borne by dif- 

4r ferent individuals. The male 

S S flowers consist of an axis 

. — ^ which bears peltate stamens, 

having the pollen-sacs on 
'iiCHyr to|!||iS> their inferior surfaces; they 

if somewhat resemble the spikes 

v * of sporangia of Equisetum. 

Fro. i 3 i. — The flower of Cyra*, a Carpel of The female flowers are for the 
Cijcas revoluta (J iiat. size); / pinnai; s ovules. . , V i 

l! Carpel of Zamia muricata, with two ovules («). mos t p^trt COllC-llke ; the aXLS 
C Stamen of the same, with the anthers (/>). bears numerous Carpels ; Oil 

rhe inner side of each carpel there are two orthotropous ovules (Fig. 
134 J>). In the genus Cycas the female flower is composed of a 
rosette of leaves, each of which is formed like the foliage leaves of 
the plant, only that it is much smaller and bears ovules in the placo 
of the low T cr pinnse (Fig. 134 A). In Cycas, too, the axis of the 
plant continues to grow after the production of the flower. 

The ovules have an integument which becomes succulent at 
maturity, and they acquire a considerable size. Those of Cyca* 
are as large as a plum even before fertilisation. 
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The embryo has two cotyledons which- do. not escape from the 
seed on germination. 

The Cycadeie arc natives of tropical America ; they occur — fewer in number — 
in South America and tropical Asia. Cycas revoluta and circinalis , Zamia 
muricata and Dion edule are often grown, in hothouses. 


Order 2. Conifers. 


The stem branches extensively from the axils of the leaves , but not 
from all . The leaves are entire and relatively small . 

This order includes the Pines and Firs which are abundant in 


temperate climates. A conspicuous feature in- their habit is the 
regularity of the monopodial branching of the stem. In the struc- 
ture of their tissues they exhibit affinity with the Dicotyledons; 
the trunk increases in thickness, as it does in the Dicotyledons, by 
means of a ring of cambium; the secondary wood, ho wever, con- 
tains no vessels, but consists entirely of wood-cells (traclieides), the 
walls of which bear peculiar bordered pits (Fig. 42). 


The male flower consists of an elongated axis covered with 
stamens of various forms,, which bear two or more pollen-sacs on 
their inferior surfaces (Fig. 132 A'f 

The structure of the female flower differs considerably in the 
various families, and in some has not yet been accurately investi- 
gated. 

The embryo has a conspicuous primary root which grows per- 
sistently, and two or more- 
cotyledons which escape from 
the seed and unfold on ger- 
mination (Fig. 131). 

Sub-order 1. Taxinej:. The 
ovules are perfectly naked, 
there being no carpels. The 
flowers are always dioecious; 

the embryo lias two cotyledons. Pla . 135 ._ Traus laccata _ A Tlie braTlch of a 

m y -rr female tree with {/) fruit (nut. size). B Section 

Taxus baccata is the Yew ; the of a {emale , lower (x 20) . b 8C!l , e ., iko braft8 

ovules occur singly at the end of which are still visible at the base of the fruit; 
very short branches (Fig. 135 71), s the apparently terminal ovule, with (i) the in- 
which hear numerous bracts. The tegument; m micropyle; fc nucelJus; a a the 
fertilised ovule during its maturation rudiment of ** aril, " s - which 
becomes surrounded by an anllus 

(Fig. 135 A /), which, when it is ripe, is red and fleshy. The leaves, which 
are spirally arranged, project on two sides from the stem, and are flat and 
linear, li r ht green upon tho- under surface, but destitute of white stripes ; by 
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this the tree is at once distinguishable from the Silver Fir , which resembles 
it in habit. Salisbury a adianlifolia [Ginkgo biloba ), which grows in China and 
Japan, has broad wedge-shapod leaves, with palmate venation. Phyllocladup 
has flattened phylloid branches. 


Sub-order 2. Araucartacile. Flowers usually monoocious. The 
female flower is tlie well-known cone of the Firs and Pines, consist- 
ing of an axis (Fig. 130 B sp) 
bearing scales (Fig. 136 c), ar- 
ranged spirally or in whorls, 
w hich are the bracts. In the 
axil of each of these bracts 
there is a second scale, the car- 
pell ary scale, which usually 
bears two or more ovules(Fig. 
130 sk). The relation of these 
two scales to each other has 
been explained in a variety of 
ways. The view T here followed 
is, that the earpellary scale 
represents the axillary branch 
of tlie bract, consisting of an 
axis hearing a carpel which 
is fused with it, and which 
bears the ovules. 

In some genera (Pinus, Juni- 
perus), the seed takes two 
years to come to maturity ; in 
the lirst year, the pollen-tube 
penetrates only a short distance 
into tlie tissue of tlie nuccllus, 
and it is not till tlie following 
year that it reaches the em- 
bryo-sac and fertilises the 
oosphere ; the embryo at once 
begins to dcvelope. 

The embryo lias from 2 to 15 
cotyledons (Fig. 131 c). 

This Sub-order may be divided into the following four families: 
Fam. 1. Abidinece . The earpellary scale is coherent wbth the 
bract only at the base ; the micropyle of the ovule is directed down- 
wurds ; the arrangement of the leaves and scales is spiral. 



Tig. 130 . — Abies pectin at a. A A leaf detached 
from tho female* floral axis seen from above, 
with the earpellary scale (s) bearing tlio ovules 
(sfe) (magnified). B Upper part of tho female 
ftower (or cone) in the mature state; sp floral 
axis or axis nf the cone; c its leaves (bracts) ; 
• the largely- developed earpellary scales. C A 
ripe earpellary scale, with the two seeds (m); 
tho wing of the seed (reduced). 
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The flowers are monoecious: there are two ovules at the base of 
each carpel 1 ary scale; the ripe seed has winded appendages spring- 
ing from the surface of the carpel 1 ary scale (Fig. L‘>(> Of) ; the 
pollen-grains have usually vesicular expansions of the extine (Fig. 
182 I> hi) filled with air. 

The genus Abies has flat carpellary scales ; the seeds ripen in a single year ; 
the leaves, which persist for several years, are arranged spirally only on the elon- 
gated shoots. In most species the persistently growing stem bears well-developed 
lateral branches in the axils of the leaves belonging to the upper portion of each 
year’s growth, and less w T ell- developed branches irregularly in the axils of leaves 
lower down. The secondary branches develope in the same manner ; the develop- 
ment of branches of a higher order takes place especially on the two sides of the 
nearly horizontal primary branches. 

The male flowers are developed in the axils of certain leaves of the shoot pro- 
duced in the previous year. 

In the sub-genus Abies, in its restricted sense, the Firs, the acicular leaves are 
flat, with two margins, and are marked with white streaks upon the under sur- 
face ; the coue stands erect in the axil of a leaf borne by a shoot of the previous 
year, at some distance from its apex ; when it is ripe, the bracts and carpellary 
scales fall off, together with the seeds, from the axis which persists for a time. 
To this genus belongs Abies pccthuita, the Silver Fir, the emarginate leaves of 
which stand out in a comb-like manner from the branches. A. cc}>hahmica, 
which grows in Greece, and A. Pinsajto, which grows in Spain, both have pointed 
leaves. In the sub-genus Picca, including the Spruces, the leaves are prismatic, 
with four angles ; the cones are developed at the apex of the shoots of the 
previous year, become pendulous after fertilisation, and, after the shedding of 
the seed, drop off entire. To this group belongs Abies excel sa, the Norway 
Spruce. The sub-genus Tsuga (peculiar to North America) has cones like those 
of the Spruces and leaves like those of the Firs, and branches arranged in whorls, 
though this is not always evident, as in .1. canadensis (the Hemlock Spruce) and 
A. Doufflasii. 

The cones of the genus Larix, the Larches, resemble those of Abies ; the leaves 
persist through one season only ; they are arranged spirally on the elongated 
branches, and in a fasciculate manner oil the dwarf -shoots which are developed 
in the axils of the leaves of the elongated branches of the previous year ; these 
dwarf-slioots grow hut slightly every year, but they may be transformed into 
elongated branches. The male flowers, as also the cones, are situated at the 
apex of the dwarf-shoots. The branches arc not arranged in whorls but irregu- 
larly. L. europcca belongs to the Alps and the Carpathians ; other species are 
found in Siberia and in North America. 

The genus Cedrus, the Cedars, differs from Larix in that the leaves, which are 
arranged in the same way, persist for more than one year, and in that the seed 
takes two years to ripen. C. Libani occurs in Asia Minor, and C. Deodara in 
the Himalayas. 

In the genus Pinus, the Pines, the carpellary scales have a thickening at their 
free ends, presenting on the exterior a rhombic surface, the apophysis. The sued 
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takes two years to ripen. Tlie green leaves, which persist for several years, are 
borne in groups of two, three, or five, on dwarf-shoots which bear cataphyllary 
leaves at their bases, which do not elongate, and which are borne in the axils of 
the scaly leaves of the elongated branches of the same year. The primary 
branches are arranged in false whorls near the apex of the shoot of any one 
year, and the branches of a high order are also arranged in this manner. The 
male flowers take the places of the dwarf- shoots at the base of an elongated 
branch of the same 3'ear ; they are closely packed. The cones take the places 
of the wliorled branches near the apex of the -olongated branches of the same 
year. 

In the sub-genus Pinaster, each dwarf-shoot bears -only two green leaves ; the 
apophysis is rhombic, the seed is winged. To it belong Pinus sylvcstris , the 
Scotch Fir ; the cones are borne upon -short stalks and bend downwards ; the 
winter-buds are rounded : P. Montana occurs- in the Alps ; the stem is usually pro- 
cumbent, but sometimes erect ; the cones are sessile and are placed horizontally : 
P. Laricio occurs in southern Europe, and has pointed winter-buds : P. pinea 
is the Stone-Pine of the south of Europe ; the seeds are large and edible, with 
small wings. The North American sub-genus Tjeda differs from the preceding 
in that the dwarf-shoots bear three leaves. In the sub-genus Strobus, including 
Pinus Strobus , the Weymouth Pine, the dwarf-shoots bear live leaves ; the 
apophysis is semi-rliombic, and the seed is winged. The sub-genus Cernbra, 
finally, has a largo wingless seed, and its cones fall to pieces; to it belongs 
Pinus Cernbra , the Siberian Stone-Pine, occurring in mountainous districts such 
as the Alps and Carpathians. 
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Tlie leaves are arranged in whorls of two or three, and at their 
bases are continuous with the cortex of the branches. The scales 
(consisting of the fused bract and carpellary scale) of the cone bear 
one or more ovules on their inner surface at the base. In Juuiperus 
communis and allied species each scale bears only one ovule, placed 
somewhat to one side, on its inner surface ; so that it appears as if 
the three ovules alternated with the three scales. The flowers are 
monoecious or dioecious. The embryo usually has only two cotyle- 
dons. 

f| 

In Juniperus (dioecious) the scales of tlie 
cones become succulent when ripe and cohere f 

to form a berry. In the sub-genus Oxycedrus I 
(to which J. communis , the common Juniper, * 
belongs), the leaves are arranged in whorls of Q 
three ; in accordance with this the cone bears 
three scales. In the sub-genus Sabina (to S 

which J. Sabina, J. virginiana, and others be- 
long), the leaves are arranged in whorls of 
two ; in these the cone bears two scales (Fig. 

137 J), and each scale bears one or two ovules. 

Thuja -i occidentalis , from North America, is 
commonly cultivated. The scales of the cones, j\_ 

which bear each two ovules, become woody and Flo m _ A A younR cone of 
the fruit opens like a capsule ; the seed has a juniper as Sabina, seen from above 
narrow wing. The decussate leaves project (mas?.); // the two inferior scales, 
but little from the surface of the branch, and vach bearing two ovules (*) iff the 
. j j • • , n rrM two upper sterile scales. B Young 

bear a protruding resin-receptacle. I lie ulti- *' _ . . 

cone of Juniperus communis after 
mate shoots branch only m one plane, and tho removal of the bracts • fff the 
thus come to resemble branched leaves. Biota three scales (Lhc anterior one turned 
oriental is , from China, is similar to the lire- down); 0 the three ovules. C Ripe 

ceding, hut the seed is not winged, and the linear cone of tbe samc plant ; thc three 

. , .... , scales (/) can still be distinguished, 

resin-receptacles are imbedded in the leaves. 

Cupressus semper virens, the Cypress, has peltate stalked scales on the cones, 
bearing numerous ovules. This is also the case in Cliama»cyparis, to which 
many ornamental shrubs belong, but each scale bears only two ovules. In 
Callitris the cone is rounded, and is composed of four scales ; the lower broad 
scales bear two or three ovules, whereas the upper ones bear only one or they 
are sterile. 

Order 3. Gnetacee. 

The Gnctacere differ from the Coniferae in that thc male flowers 
are provided with an investment which more or less resembles the 
perianth of Angiosperms. 

Ephedra distachya is a shrub occurring in Southern Europe ; it somewhat re- 
sembles an Equisetum, for it lias long erect branches and small leaves arranged 
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in whorls, anil coherent so as to form sheaths at intervals round the stem. The 
flowers are dioecious. Wclwitschia mirnbilis is a remarkable plant peculiar to 
Western Africa ; it has a very short, thick stem, somewhat resembling a very 
Virge beetroot, and two large foliage-leaves, in the axils of which dichotomously 
branched inflorescences are developed. Both the male and female flowers are 
borne in coneg ; they are monoecious. 


DIVISION B. 

ANGIOSPERMJ3. 

The ovules are enclosed in an ovary . The endosperm is formed in 
the embryo-sac , after fertilisation, by free cell-formation. 

The flowers are for the most part hermaphrodite. The axis of 
the inflorescence is usually expanded, terming a receptacle or torus 
on which the closely packed floral leaves are arranged either in 
whorls or in a spiral. Each of the three sets of organs — the 
perianth, the androecium, and the gynoccium — when the arrange- 
ment is spiral, forms one or more turns of the spiral ; when the 
arrangement is whorled, each consists of one or more whorls. 

The growth of the axis of the inflorescence (excepting in certain 
abnormal instances) terminates in the production of the uppermost 
series of floral leaves. Buds never occur in the axils of these leaves, 
except in the case of monstrosities. The portion of the axis below 
the flower is usually prolonged and is called the peduncle , it is 
commonly furnished with one or more bracteoles ( prophylla ). 
When the peduncle is very short or suppressed the flower is said 
to be sessile. 

The Perianth is completely absent in comparatively few families, 
e.g., Pipcracem. In most it consists of tivo series of organs differing 
in their structure and texture; the outer, called the calyx , composed 
of the sepals, and the inner, called the corolla , composed of the 
petals; when this is the case it is said to be hi seriate.. The Sepah 
are usually firm in structure, of a green colour, and small in size ; 
the Petals are more delicate, and are white or coloured, e.g., Rose, 
Geranium, Plax. In many cases one or other of these two series 
is wanting, although it is well developed in allied plants : thus 
the calyx is wanting in the Composite, and the corolla in Caltha 
and Daphne. In the latter case the calyx usually assumes the 
texture of the corolla and becomes petaloid. Other plants have 
a simple perianth, one, that is, which does not present any dis- 
tinction of calyx and corolla, and which cannot be proved to repre- 
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sent either the one or the other, when it is spoken of simply as a 
perianth. It is usually sepaloid (Stinging Nettle), more rarely 
petaloid (Aristolochia). The individual leaves of the jDerianth may 
be cither perfectly separate ( eleuthcropetalous or polypetalous corolla, 
ehulherosepalous or polysepalous calyx), e.g., Ranunculus ; or they 
may cohere from the base upwards, so as to form a longer or shorter 
tube, which divides at its upper end into as many teeth or lobes as 
there were originally leaves ( gamosepalous calyx, gamopetalous co- 
rolla) (Fig. 138 AB C c and Blc)\ e.g ., the Primrose and the Tobacco 
plant. In Diantlnis (the Pink) the sepals alone are coherent, as also 
in Daphne (Fig. 138 I ) ) where the corolla is absent. More rarely 
all the leaves of the perianth cohere to form one tube, e.g., the 
Hyacinth and allied genera ; the six lobes of the tube correspond 
to the three sepals and 
the three petals. The 
simple perianth also 
may consist of separate 
leaves ( elentheroplnjlluus 
or polyphyllous peri- 
anth), e.g., Amarantus, 
or the leaves may be 
coherent ( : gamophyllous ), 
e.g., Aristolochia. 

The degree of division 
presented by gamojjhyllous 
perianths into teeth or lobes 
is indicated by the same 
terms which are used in de- 
scribing the incision of the 
leaf-blade (page 12). The 
form of the gamopetalous 
corolla may be campanulate, 
as in the Campanula ; fun- 
nel-shaped (or infundibuli- 
form ), as in the Bind- weed (Fig. 138 A); rotate , as in the Elder (Fig. 138 c). 
The upper and lower portions may frequently be distinguished, the lower as 
the tube. (Fig. 138 B r), the upper expanded part as the limb (Fig. 138 7? s). 
Other peculiarities of form are connected with the symmetry of the flower 
(page 194). 



Fin. 13-1. — Coherent bepals and petals. A Flower of 
Convolvulus arvensis, with a funnel-shaped corolla (<') ; and 
a 5-partito calyx (7c). B Nicotiana Tabacum , with a 5-cleft 
calyx (7c); tubular corolla (r), with a distinct 6-toothed 
limb (s). C The rotate corolla of Sambucus. D Gamose- 
palous calyx of Baphuc Mezcreum; r the tube ; s the limb. 


The petal frequently consists of two parts, the claw and the limb, 
as in the Pink (Fig. 139 A B). The Corona (paracorolla) in the 
Narcissus and Lychnis is formed by ligular outgrowths from the 
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claws (Fig. 139 B T). An y segmentation of the petal, as in the 
Pin k (Fig. 139 A) is unusual ; emarginato or obcordate petals are 
more common. In man y cases the petals have spur-shaped appen- 
dages (Violet), or they are prolonged at the base into tubes, as in 
Helleborus and Aeonitum. This peculiarity is connected with the 
secretion of the nectar (page 194). 

The caUculus or epical yx is formed by leaves which grow close 
under the true calyx of the flower ; such are the small leaves which 
alternate with the sepals in Potentilla (4 ig. lo9 (7u) and in Malva. 
In some cases these leaves are the stipules of the sepals, in others 
they are bracts developed close beneath the calyx. feuch an 
arrangement of leaves close beneath the flower, so that on a 
superficial view they seem to form part of it, is of frequent 
occurrence, as in Anemone Ilepatica . 



Fig. 139 .— A Pctiil of Dianthus superbus, with (n) the claw and (p) the limb, much divided. 
B Petal of Lychnis; n claw; p limb; l ligula. C Flower of Potentilla, seen from below; 
s corolla; k calyx; a epicalyx. 


The Andr cerium consists of the male organs of the flower, the 
stamens. Each stamen consists of two parts ; a slender stalk 
called the filament (Eig. 140 6*), and the organ which contains the 
pollen-sacs (Fig. 140 1) p), known as the anther (Fig. 140 a). The 
anther consists of two longitudinal halves, each of which usually 
contains two pollen-sacs ; these two halves are united by the upper 
portion of the filament which is known as the connective (Fig. 140 
c). This is occasionally very narrow, so that the two halves of the 
anthers lie close together (Fig. 140 A l a) ; in this case it may be 
that the connective is not sharply marked off from the filament, 
and then the anther is simply attached to the upper end of the fila- 
ment ( innate ) ; or it may be articulated as by a joint, so that the 
anther with the connective can oscillate on the apex of the filament 
(versatile anther , Fig. 140 A 2 ). But the connective is often broader, 
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bo that the two halves of the anther are widely separated (Fig. 140 
B) ; it may he much elongated and very delicate, so that, with the 
filament, it forms a T-shaped body (Fig. 140 G) ; in this plant, the 
Sage, the further peculiarity is exhibited that one-half of the anther 
is abortive and is modified for another purpose. It is only rarely, 
as in Herb Paris, that the connective is prolonged beyond the 
anther into a point, or into a bristle, as in the Oleander; the two 
halves of the anther then appear to be placed laterally on tlie 
filament. 



Fig. IK).— Stamen. A, Of LiUium; « fila- 
ment; a the anthers. A a Side view. i»* Of 
Tilia; c connective. C Of Salvia; b is the 
half of the anther that has been modified 
l) Transverso section of the anther of Hyper* 
cum (mag.) ; j> tho 4 pollen-sacs; c connec- 
tive. 



Fig. 141 . — A Stamen of Alii um. B 
Of Vacrtnium MyrtiUux. C Of Parts 
quadnfolia (mag.); / filament; c 
connective; a anthers; b appen* 
dages; j> the pores by which the 
amber opens 


The filament is usually round and stalk-like, of a, delicate 
coloured or colourless tissue; if is occasionally flattened ; when it 
is very short the anthers are said to be sessile. 

In some plants, e.g., Allium (Fig. 141 A ), tlie filament has 
appendages ; in others, e.g ., Erica (Fig. 141 2>) and Asclcpiadere, 
the anthers themselves are furnished with appendages, such as 
spurs and so forth. In certain plants, as Rieinus and Hypericum, 
the stamens, that is to say the filaments, branch, either, like most 
leaves, in a plane perpendicular to the median plane, as in Myr- 
tacea>, or in various directions, as in Ricinus (Fig. 142) ; an anther 
is borne on each of the branches of the filament. 

Somewhat similar in appearance, bnt essentially different in 
structure, are the coherent stamens of the Papilionaceoo and other 
plants Tho stamens of each flower may be collected into a bundle, 
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commonly into a tube, or into groups of two, three or more, when 
they are said to be mono-, di -, tri-, or pohj-adelphous. The anthers 
and the upper portion of the filaments commonly remain free. The 
arrangement becomes highly complicated when the filaments are 
at the same time coherent and branched, as in Malvaceoe. In the 
Composite, e.g., the Sunflower and Thistle, the filaments are free, 
but the anthers become coherent ( syngcnesious ), though they aie 
not originally united. 

Besides these varieties of arrangement, it frequently occurs that 
the filaments adhere to other portions of the flower, particularly of 
the perianth, so that they— or when they are very short, the anthers 
— appear to be inserted not upon the axis of the flower, but upon 

the leaves of the perianth {cjn)>etalons 

f or epiphyllons). This condition is 

most frequently present when the 
petals themselves arc connate and 
form a tubular corolla, e.g., Primula. 
The adhesion of the stamens to 
the carpels is of rarer occurrence, 
e.g., Orchidaccai; the flower is then 
termed ggnandrous. In many flowers 
it happens that certain filaments, oc- 
cupying a definite position with re- 
gard to the other parts of the flower, 
are longer than the others ; thus, of 
the six stamens of the Crucifera; 
{e.g., Rape and Cabbage), four are 

Fig uz.-rart of a male /lower of muc ] l ] on o*er than the other two; of 
Riciuus communis cut through length- f* - T 1 • i / 

ways ; f f the basal portions of the four stamens of the L<1 >Ja .0 (/ \7*» 

compoundij-branchoJ stamens; a the Lamium), two are longer Ilian the 
anthers. (After Sachs.) otllcr two. In the former case the 

damens are said to be let rad. yuan 10 us , in the latter dulyncnnous. 

Stamens which bear no anthers and which present to a certain 
extent a leafy appearance are called st am inodla ; they occur regu- 
larly in some flowers {e.g., Canna). Double /lowers are produced by 
the assumption of a petaloid appearance by the whole of the 
stamens — or the larger number of them.* In many flowers which 


* In other cases the “ doubling ” is the result of a multiplication of the 
petals, the andreecium remaining unaltored, e.g., Campanula. The so-called 
doubling of Composite resembles this in its external features only. This will 
be discussed when the Order is under consideration. 
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lift vo ft spiral arrangement of their parts, e.g. y Nymphnea, there are 
intermediate forms between the petals and stamens, so that the 
passage from one to the other is gradual. 

The pollen-sacs are contained in the anthers, two, commonly, in 
each half (Fig. 140 Dp) ; more rarely there is only one, or there 
may bo four. The pollen is shed by the dehiscence of the anthers, 
usually in considerable quantity. The mode of dehiscence of the 
anthers is indicated by their structure; some, as in Ericaceae, open 
by a circular pore at the apex of each half of the anther, but most 
of them have a longitudinal slit on the inner side, i.e. : the side facing 
the centre of the flower ( introrse ), or on the outer side ( e.rtrorse ). 


When the pollen-grain reaches 
the stigma (see the next section), or 
if it is immersed in a solution of 
sugar, the intine, or inner coat of 
the grain, protrudes one or more 
long tubes, the pollen -tales (Fig. 
148 s). The spots at which the 
extine, or outer coat, is thus rup- 
tured by the growing cell are 
usually indicated beforeh 1 by 
some peculiarity of structure such 
as a special thinness, or a lid-like 
development of the extine, and are 



Fig. 143.— Pollen-irrain of Epilobium 
(highly map.) bcarmp a pollen-tube; « 
extine ; i intine ; a b c tbe three spots 
where the extine is thinner in anticipation 
of the formation of the pollen -tube (*), 
developed in this case at a. 

also definite in number (1, 2, 3, 


4, G or more). 

The pollen-grains of some Orcliids and a few other plants ne\er 
separate hut remain united in masses ( poll nun ) corresponding to 


the several pollen-sacs. 

The Gy need am or Pistil is always the terminal structure of the 
flower, occupying the apex of the floral axis. Each of its con- 
stituent parts" is called a carpel, and in the Angiosperms they form 
the ovaries , which are closed cavities containing the ovules. If in 
a flower where there are several carpels each of them closes by the 
cohesion of its margins, they form so many ovaries ; the g} noecium 
is then said to be apocarpous (Fig. 144 A ), e.g.. Ranunculus, 
Pceouia, and Butomus; if there is only one carpel (Fig. 144 7>), tlie 
pistil is said to be apocarpous and simple ; if several carpels in one 
flower cohere and form a single ovary (Fig. 144 C), the gynoecium 
is said to he sy acarpous, r.y., Poppy and Lily. Intermediate forms 
occur in that tlie carpels may cohere by their lower ends whilst 
their upper ends remain free (Fig. 144 D). 
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The ovary is said to be monomerous when it is formed of only ono 



Fro. Ht .— A Apocarpous gyncocium of Aconite. B Simple apocarpous pistil of Melilotus. 
C Tetramerous syncarpous pistil of Rhamnus. D Ovary of Saxifraga, formed of two carpels 
which diverge towards the top ; t torus ; / ovaries ; g style ; n stigma ; b ventral suture. 


carpel (Fig. 145 A), tlie margins of which cohere on the side 
opposite to the midrib. The side along which the midrib runs is 
the dorsal surface (Fig. 145 A r ) ; opposite to it is the line of 
cohesion, the ventral suture, which runs therefore on the ventral 
surface. The cavity thus enclosed ( loculus ) is not usually divided 
by dissepiments, but it is a simple cavity, as in the Vetch; such an 
ovary is said to be unilocular. False or spurious dissepiments, formed 
by growths on the inner surface, occur in some few instances, as in 
Astragalus. 



Fig. 14',.— Transverse section of ovaries; p placenta. A Monomerous nnd unilocular; 
r dorsal suture; b ventral suture. B Polymerous and unilocular. C Polymerous and many- 
chambered, but unilocular. D Polymerous andimultilocular. 


When, on the other hand, several carpels cohere to form an ovary, 
it is polymerous (di-, tri-, or tetra-merous). This may be unilocular 
^ Fig. 145 B) when the individual carpels cohere simply by their 
edges, without any portion of therm projecting inwards ; but if the 
margins project into the cavity so as to form longitudinal dissepi- 
ments, the ovary is chambered (Fig. 145 0), e.g ., Poppy ; but since 
the chambers are open towards the middle, the ovary is still unilo- 
cular. Wheu the margins: form dissepiments which meet in the 
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middle, the ovary is multilocular ; sometimes the margins turn 
outwards again towards the circumference. In these cases tha 
individual loculi are completely separated, but there are others in 
which the margins of the carpels do not extend so far towards the 
centre at the upper part as at the lower, but the two margins of 
each carpel simply cohere together above ; consequently the lower 
part of the ovary is polymerous and multilocular, while the upper 
part is composed of a number of monomcrous ovaries, e.g., Saxifraga 
(Fig. 144 D). In all these cases the floral axis may grow up into 
the interior of the cavity of the ovary, and when the ovary is 
multilocular the axis may coalesce with the dissepiments. 

False dissepiments may be formed in polymerous ovaries by 
ingrowths from the internal surface of the carpels; thus the ovary 
of the Boragineao and Labiates is originally bilocular, but each 
loculus becomes divided into two by a false dissepiment, and when 
the fruit is ripe the four loculi separate completely. 




Fig. 1 16. — Diagram nf, II hypogynous ; P perigynons ; E epigynous flowers; a axis ; 1: calyx ; 
c corolla ; s stamens ; / carpels ; n stigma; sfc ovule. 

When the axis grows, as is usually the case, equally in all parts, 
the gyncecium, being nearest to its apex, is the uppermost part of 
the flower. When this is the case its insertion is above that of 
the stamens and perianth (Fig. 146 II), and the ovary is said to l>e 
superior and the flower hypogyuous , as in Ranunculus, Papaver, 
Lilinm, and Primula. But in a great number of plants the perianth 
and androocium are raised by the more vigorous growth of a low r er 
portion of the axis (as represented by the outer portion of the 
torus) and stand on a circular rim surrounding the apex of the axis 
which lies at a lower level. Of this condition two different forms 
occur : — in the one, the carpels are inserted in the depression at the 
apex of the axis (Fig. 146 P), and there form one or more ovaries 
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wliicli are invested by the raised rim of the axis ; they aro quito 
free from it, primarily at least, though they may subsequently be. 
come adherent to it; in such cases, as in the Rose and Apple, the 
flower is said to be pevigynous : in the other, the carpels spring from 
the upper rim of the cavity which is formed by the axis itself and 
simply cover it in at the top ; such flowers are said to be epigynous , 
and the ovary to be inferior , e.g., Gourds and Umbel lifer ad (Fig. 140 E). 
Many transitional forms between these two extremes are found. 

The inferior ovary of epigynous flowers is rarely nionomcrous, 
that is to say, the cavity formed by the axis is but seldom closed by 
one carpel only ; it is commonly polymerous, but it may be either 
unilocular or multilocular ; in the latter case, the margins of the 
carpels grow down along the internal surface of the cavity. 

The >S tijle (Figs. 144 and 147) is the slender prolongation of the 
upper part of the carpel : nionomcrous ovaries have but one style, 
polymerous ovaries have as many styles as there are 
carpels ; these may cohere throughout their whole 
length or at their lower parts only, the upper parts 
remaining distinct ; or they may remain quite free, 
and they may even branch. The style originally 
arises from the apex of the ovary, but it is frequently 
displaced forwards, by the vigorous development of 
the dorsal portion of the carpel, on to the inner side* 
so as to appear to be a prolongation of the floral axis. 
This is conspicuous in the Boraginacene and Labiatae, 
where it is surrounded by the four rounded portions 
of the ovary which have been already mentioned 
(Fig. 222). The style is sometimes very short, and 
appears only as a constriction between the ovary 
Fig. 147 . Gy* and the stigma, as in the Poppy. In some rare 
Lily 1 ; 11 / ovary ; g cases it is hollow, but it is usually filled with a loose 
stylo; n stigma tissue, called conducting tissue , through which the 
(nat. size). pollen-tube can easily penetrate. 

The Stigma (Figs. 144 and 147 n ) is the uppermost end of the 
carpel; it is distinguished by being covered with papilla?, or fre- 
quently with hairs, and by the secretion of a sticky fluid which 
retains the pollen-grains which fall upon it, and which promotes the 
development of the pollen-tubes. The stigma is often evidently 
distinct from the style, appearing as a lobed expansion; in other 
cases it seems to be merely a portion of the style at its end, or 
sometimes on its side. In Papaver it is a sessile disk-shaped 
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expansion on tho npper surface of the ovary ; more rarely it is 
represented by bands of papillae on the ovary itself, when it is said 
to be pleurogynous . 

The Ocules are always enclosed in the cavity of the ovary either 
singly or in larger or smaller number. Usually they may be readily 
seen to be appendages of the carpels (Fig. 148 A, B , G , E), but in 
many cases they appear to be special organs developed in the cavity 
from the floral axis. However, from careful comparative examina- 
tion, it seems that these apparently axial ovules are to be regarded 



Fig. 148.— Diagram of the different modes of Placentation. A Carpel of Holleborns 
opened along tho ventral suturo ; » tho ovules on (q) the marginal placenta. B Transverse 
section of the ovary of Nieotiana j / wall of the ovary ; q placenta, largely developed by the 
union of the margins of the carpels (axile placentation). C Transverso section of the 
ovary of Butomus. The ovules are scattered over the whole of the inner surface, except the 
midrib, m (superficial placentation). D Longitudinal section of an ovary of one of tho Compo. 
sit® ; / the wall ; tho ovule ($) grows from the base by the side of tho apex of the axis, a. 
E Longitudinal section of the ovar3’ of oho of the Umbelliferce; in each chamber an ovule 
is suspended. F Longitudinal section of Rheum; a single ovule grows at tho apex of tho 
fl iral axis. G Longitudinal section of the ovary of one of tho Prituulace® ; the ovules 
grow on a prolongation of the axis (free central placentation). Fig. 1-45 B represents 
parietal placentation. 

as being originally appendages of the carpels, tlieir position on the 
axis being merely tho result of a more or less considerable displace- 
ment duo to the coalescence of the carpels with the axis. That 
portion of the ovary which bears the ovules is called the placenta. 
Tn most cases it obviously belongs to the carpels, and even in ease? 
of free central placentation (Fig. 148 F, G) it probably does, in part 
at least, also (Figs. 145 p , 148 q .) 


O 
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The ovules borne by the carpels are usually marginal , that is to 
say, the placenta occupies a part or the whole of the longitudinal 
margin of each carpel, and bears either a single ovule or a single 
row (rarely more than one row) of ovules (Figs. 145 p, 148 A q ). 
In polyme^ous ovaries the coherent margins frequently undergo a 
considerable thickening (Fig. 148 B q). The ovules are more 
rarely superficial , that is to say, borne upon the whole interior sur- 
face of the carpel, the midrib however usually remaining free (Fig. 
148 G). 

The apparently axial ovules are developed sometimes on the floor 
of the cavity of the ovary (Figs. 129 and 146), sometimes at the side 
of the apex of the axis, as in the Composite (Fig. 148 D ), some- 
times as prolongations of the axis, as in Piperaceae and Polygonere 
(Fig. 148 F ), sometimes on a placenta developed in the cavity of 
the ovary at the apex of the axis, as in Primulaceae (Fig. 148 G ). 

The direction of the ovule varies ; it may be erect (Fig. 148 Z>, F ), 
or suspended (Fig. 148 E ), or horizontal (Fig. 148 A ), or ascending . 

The Nectary is a glandular organ which secretes an odorous or 
usually a sweet fluid much sought after by insects. The nectaries 
are not distinct parts of the flower, but are developed on the other 
organs ; thus in Itheum they occur at the base of the stamens ; in 
the UmbelliferaB, as fleshy excrescences on the carpels ; and in 
Citrus as an outgrowth of the floral axis below the carpels. When 
they have the form of an annular wall or a cushion, they are termed 
discs (eaj.y in Rhamnus). Sometimes, however, certain leaves of 
the flower are greatly altered in form and entirely diverted fronr 
their proper functions by the development of the nectaries ; this 
happens in the Gesneracese to one of the five stamens, to the petals 
of Helleborus and Aquilegia, and to one of the petals of Viola, 
among many instances. 

Relative Position and Number of the parts of the Flower. Sym- 
metry of the Flower. The leaves forming the flower, like those borne 
by the vegetative part of the stem, are frequently arranged spirally, 
and the divergence is most commonly •£, but higher divergences 
also occur, especially in the androecium, when numerous small 
organs are inserted upon an expanded axis (e.y., Ranunculus). In 
the spiral or acyclic flower there is either no well-marked distinction 
of the various series, that is, the members of the calyx and of the 
torolla and the stamens are connected by intermediate forms (as in 
NymphseaX or the various series are sharply defined, each series 
taking up one or more turns of the spiral. In the latter case, if 
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the divergence is constant, the members of successive turns of the 
spiral are superposed, that is, they lie on the same radii drawn from 
the centre of the flower : this is well seen in many Urticacene, where 
the members of the perianth and the stamens are arranged in a 
continuous spiral with a divergence of |, each series taking up two 
turns of the spiral : here the five stamens are superposed upon the 
five leaves forming the perianth. 

Many cyclic flowers — flowers, that is, the leaves of which are 
arranged in whorls — are very closely related to the latter form of 
acyclic flowers ; this is shown by the fact that these two modes of 
arrangement are exhibited not only by the flowers of closely allied 
plants, but also by flowers of the same species. In this case, instead 
of there being five perianth leaves taking up two turns of a spiral 
with a divergence of ■}, four or six leaves arc present, arranged in 
two whorls consisting of two or three leaves respectively. Since 
the same arrangement exists in the androecium, these two series of 
organs form four regularly alternating whorls, each consisting of 
two or three members. The two whorls of the perianth may be 
differentiated, as in most Angiosperms, into calyx and corolla, or 
they may together form a simple perianth, as in many Mono- 
chlamydejB. 

In other cyclic flowers the alternating whorls consist each of five 
members, and in these cases too, two of the whorls (calyx and co- 
rolla) belong to the perianth, the other two to the andrceeium. If 
instead of five, only four members are present in each, the calyx 
usually consists of two whorls each of two members, with which 
the whorl of petals alternates. When the perianth is differentiated 
into calyx and corolla and two whorls of stamens — consisting of the 
same number of members — are present, one whorl of stamens is 
opposite to or superposed on the sepals, and the other is superposed 
on the petals. Other less frequent modes of arrangement wall be 
treated of in connection with the plants in which they occur. 

When cyclic flowers consist of alternating whorls each containing 
the same number of members, they are said to be encyclic. The 
number of members in a whorl is indicated by the expressions di-, 
tri-, tetra-, penta-merous, etc. ; whorls containing the same number 
of members are said to be isomer ous. When the members of a flower 
are arranged, some in whorls (usually in the perianth) and the 
others in a spiral (usually in the androecium), the flower is said to 
be hem-icy clic. 

These various arrangements, as in the case of the arrangement 
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of the foliage leaves, are most clearly represented by means of 
diagrams. In a floral diagram, the calyx lies externally, and the 
gyiKceium, as being the uppermost series or organs (even in epigy- 
nous flowers), lies most internally. In order to be able readily to 
distinguish the various series, symbols are used which recall some 
peculiarity of their form : thus the mid-rib of the sepals is indicated* 
and in the case of the stamens, the anthers. 

If only such relations of position as can be observed in a flower 
are indicated in the diagram, a simple empirical diagram is the 
result. If, however, the results of the investigation of the develop- 
ment of the flower and of the comparison of it with others be borne 
in mind, a general plan of arrangement will be detected, and the 
individual peculiarities of arrangement, quite apart from any varia- 
tion in the form of the organs, wall be seen to bo duo either to the 
suppression of one or more whorls or of one or more members of a 
whorl, or, more rarely, to a multiplication of the whorls or of their 
members. If, however, the organs which are absent, but which 
should be typically present, be indicated in the empirical diagram 
by dots, it becomes a theoretical diagram . In this way it is possible 
to arrive at general types on which largo numbers of flowers are 



Fig. 119.— Floral Diagram 
of a Lily. 



Fig. 150 —Floral Diagram 
of a Grass. 



Fig. ir>l . — Floral Dia- 
gram of a Crucifer; the 
median stamens are 
doubled. 


constructed. Fig. 149, for instance, is the empirical diagram of the 
flower of the Lily, and it is at the same time the type on which the 
flower of Grasses (Fig. 150) is constructed in which certain organs 
are suppressed. 

Under the head of multiplication of parts, reduplication or pleio- 
mery — that, is, the formation of two members in a whorl in place of 
one (Fig. 151) — must be especially considered. This is the result 
either of the branching of a member at an early stage, or of the 
original development of two members in the place of one. 

The regular alternation of the whorls (especially when they 
censist of four or live members) in eueyclic flowers is often disturbed 
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by a displacement of sucli a nature that the inner stamina 1 Avhorl, 
which is normally superposed on the petals, and alternates with the 
sepals, comes to lie in the same plane as the outer whorl, or even 
externally to it (Fig. 152). © 

Hitherto nothing has been said as to the 
arrangement of the gynocoinm in the flower, for 
it does not stand in sucli simple relations with 
the other scries of members as they do to each \ \kwlRLr rl) 
other. Very frequently the number of carpels 
is smaller than that of the members of the other 
series, and in such a case their arrangement is F,tt - lo “ " Floral Dia * 

. . ^ . . pram of Dictamnus : the 

quite irregular. If the gynoecnim is isomerous U1)1 , cr (internal) whorl of 

with the calyx, corolla, and androecinin, the stamens (shaded) lias been 
carpels usually alternate with the inner whorl bctvveentli(>scoft i ielovv . er 
of stamens, as in most Monocotyledons (Fig. (external) whorl : the car. 
149). When the above-mentioned displace- r f s 1 !‘ ue ,ll ^° be . eu rils '’ 

' _ I placed, so that, they arc 

ment occurs in the andrcecium, the carpels superposed on the stamens 

sometimes alternate with tlie actually internal o£ the mijer whorl - 
whorl of stamens, sometimes with tlie whorl which was primarily 
internal. 


The number and the relations of the different parts of the flower 
may be indicated not by diagrams only, but also by formula*, in which, 
as in the diagrams, for the sake of clearness, all the peculiarities of 
development are overlooked. Thus the diagram (Fig. 149) may be 
expressed by the formula 7i3, 03, AS + 3, G~-, which means that 
the calyx K, and the corolla 0, each consist of a single whorl of three 
members, the androecinin of two whorls each of three members, and 
the gynoecium of one wdiorl of three members, all in regular alterna- 
tion. When one whorl is superposed on another, the superposition is 
indicated in the formula by a lino | between the whorls. If 
the number of members in any whorl is variable, tlie letter n is used 
instead of a number. Thus, for instance, Kn, On, dn + n, G n is the 
theoretical formula of most Monocotyledons. The absence of a whorl 


is expressed by a cypher 0, and of individual members by t lie number 
of those actually present. Thus the formula for the flower of a Grass 
(Fig. 150) is AT), 02, A 3 + 0, G The bracket in which tlie 
number of the carpels of the gymeciuni G is here enclosed, indicates 
that the members thus bracketted are coherent. Supcric? and 
inferior ovaries are indicated by a stroke below or above the 
corresponding figure, and reduplication by the exponent 2; thus 
the diagram (Fig. 151) is represented by the formula 7x2 + % 
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G x 4, A 2 + 2 2 , G--, the x after 0 indicating that the position 
of the petals is diagonal, t\e., that the four petals alternate with 
the four sepals, as if the latter all belonged to the same whorl. 
Staminodia may be distinguished by a t before the figure. The 
position of the carpels in those cases in which the- above-mentioned 
displacements of the stamens have occurred is indicated by a | 
placed before the number, which means that they are superposed 
on the petals. When the perianth is not differentiated into calyx 
and corolla, it is expressed by the letter P : thus, the formula for 
the flower of Asarum is I\3 AC> + G, Gj$. 

The relations of position between the floral organs and the leaves 
which precede them yet remain to be considered. These can be 
most readily made out in the case of a lateral flower; of a flower, 
that is, the axis (peduncle) of which springs from the axil of one 
of the leaves of the main stem, and bears no leaves except the 
bracteolos and the floral organs themselves. A plane which passes 
through the flower, and also through the main stem and the median 
*ine of the subtending leaf (bract), is termed the median plane or 
section. of the flower ; the plane which cuts this one at right angles 
is termed the lateral plane or section; and the plane which bisects 
the angles made by the median and lateral planes is the diagonal 
plane or section lly means of these expressions the positions of 
the parts of a flower may be accurately indicated ; thus, in speak- 
ing of the flower of the Cruciform (Fig. 151), the external whorl 
of sepals lies in the median plane, the carpels in the lateral, the 
petals in the diagonal. Tn all floral diagrams the position of the 
main axis should be indicated by a dot placed above the diagram; 
the bract, which would be of course exactly opposite to it, need 
not be indicated. The side towards the main axis is said to be 
posterior, and that towards the subtending leaf, anterior. 

Many flowers, most Monocotyledons for instance, have only one 
bract cole (prophyllum), which is nearly always placed opposite to 
the bract, that is, posteriorly to the flower. When this is the case, 
a leaf of the trimerous calyx is placed anteriorly. 

If two lateral bracteolos are present (usually indicated as a 
and (3 ), as is the case in most Dicotyledons, the sepals, if the calyx 
is dimerous, are median ; if the calyx is trimerous or pentamerous 
(whether it be whorled or spiral), one sepal is median and posterior. 

It is obvious that such a flower as that represented in Fig. 153 
can be divided into two symmetrical halves, resembling each other 
as an object and its reflected image, in one plane only, and that a 
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vertical plane. In this case this plane coincides with the median 
plane of the flower. 

Flowers which can be divided, like the one in Fig. 153, into two 
symmetrical halves in one 
plane only (which may or 
may not coincide with the 
median plane) are said to be 
rnonosymm etrical or zygomor- 
phic , and in systematic works 
they are termed irregular . 

If a flower can be symmetri- 
cally divided in more than 
one plane, it is said to be 
poly symmetrical. In such 
flowers two cases may occur : 
in the one, the flower is re- 
gular or actinomorphic , that 
is, the halves produced by all 
possible sections are similar, 
or in other words, the flower 
may be divided into a number of similar sectors (see the diagrams, 
Figs. 149 and 152) ; in the other, the halves produced by one 
section are unlike those produced by another, and such flowers 
also are said to be zygoinorpliic or irregular. Those flowers are 
said to be asymmetrical which cannot be symmetrically divided by 
any section whatever. 

These expressions apply as well to the relations of position and 
number as indicated in floral diagrams, as to the form of the perfect 
flower. It frequently happens that a flower which is more or less 
regular at its first appearance, subsequently becomes zygomorphic, 
as in Dictamnus and in the Lcguminosce and Labiatoe ; spiral 
flowers also, the diagrams of which do not indicate any such 
condition, often assume a zygomorphic form, as in Aconitum. The 
zygomorphic symmetry of a flower is indicated in its floral formula 
by symbols; when the plane of symmetry coincides with the 
median plane the symbol \J/ is used, and when it coincides with the 
lateral plane the symbol ^ . 

Actinomorphic flowers sometimes occur abnormally, more espe- 
cially near the extremity of the axis of inflorescence, in plants the 
flowers of which are normally zygomorphic. Such flowers are 
said to be peloric . 
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Pollination. It is essential, as a preliminary to fertilisation, that 
the pollen should be conveyed to the stigma. In a great number 
of hermaphrodite flowers, particularly such as are small and incon- 
spicuous, the pollen is conveyed to the stigma of the same flower 
by very simple means ; in some cases tho pollen falls on to the 
stigma which lies at a lower level than the anthers, in others the 
close juxtaposition of the organs allows of* its immediate transfer 
to the stigma so soon as the anthers open. In certain cases flowers 
are so modified as to ensure this self -fertilisation ; instances of this 
are found in species of Viola, Lamiuni amplexicaule , Oxalis Acetosell-a , 
and others; these plants bear, in addition to their ordinary flowers, 
others which have an inconspicuous perianth which does not open; 
on account of their peculiar structure these flowers are said to be 
cleistog anions. In all these cases fertilisation is perfectly effected 
by the pollen of the same flower. It is, however, self-evident 
that, when flowers are diclinous, the pollen must be conveyed to 
the stigma of one flower from another ; and it is now known that 
in a vast number of herrmiphrodite flowers also, pollination is 
commonly effected by the transfer of pollen from one flower to 
another ( cross-fertilisation ). The conveyance of the pollen is 
effected in the case of a number of plants with inconspicuous 
flowers, such as the different Cereals, by the agency of the wind, 
when they are said to be anemophilous ; but in the case of such 
flowers as are conspicuous by their size, colour, perfume, and 
by their copious secretion of honey, the insects which visit the 
flowers for the sake of the honey, as well as to gather pollen for 
food, perform this important function ; these flowers are said to be 
entomoph clous. In some of these cases it has been demonstrated that 
it is only the pollen of other flowers which can effect fertilisation, 
chat the pollen of the flower itself is useless, or even injurious, and 
that consequently cross-fertilisation is indispensable. In other 
cases the pollen of the same flower, though not absolutely useless, 
has far less fertilising powder than that of another flower ; under 
these circumstances cross-fertilisation is advantageous. In other 
cases again, the pollen of the flower itself has as powerful a fertilis- 
ing effect as the pollen of other flowers, but the superiority o( 
cross-fertilisation is shown by the greater vigour of the progeny 
which are the issue of the crossing of two individuals. 

In those flowers to which cross-fertilisation is indispensable or at 
least important, tho most various contrivances are exhibited for the 
purpose of hindering or limiting self-fertilisation on the one hand, 
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and on the other of facilitating cross- fertilisation, or finally, in 
default of cross-fertilisation, of ensuring ultimate self-fertilisation ; 
this last, of course, only in those cases in which the pollen of the 
flower itself is capable of fertilising it ; for it is evident that self- 
fertilisation, even if not very advantageous, is at any rate of some 
use to the plant. 

Among the contrivances for the prevention of self-fertilisation, one 
of the simplest is the arrangement of the anthers and stigma in 
such positions that the pollen cannot possibly reach the stigma of 
the same flower, e.r/., Aristolocliia (Fig- 154), or secondly, the abor- 
tion of all the male organs in some flowers and of all the female 
organs in others ; in such flowers the organs in question are present, 
but they are not functional. This is an approach to the diclinous 
condition ; it occurs in the Tiger-lily, in which the anthers are 
commonly abortive in some flowers and the ovaries in others. 
Thirdly, dichogamy frequently occurs, that is, that the stigmas and 
stamens attain their functional activity at different times ; flowers 
in which this occurs are either 'prutandrous, that is, the anthers are 
first developed and have already shed their pollen when the stigma 
of the same flower is capable of receiving it, or they ar Qproimjynotis, 
that is, the stigma is fully developed before the anthers of the same 
flower are ready to shed their pollen : in the latter case self-fer- 
tilisation is obviously only excluded if the stigma is withered before 
the pollen is shed ; there are, however, protogynous flowers in which 
the stigma remains fresh for a long time and which may be fer- 
tilised by their own pollen. As examples of protandrous flowers, 
those of the Umbcllifercc, and most of the Composite, Lobcliacese, 
and Campanulaceae may be mentioned ; and of protogynous flowers, 
Aristolocliia, Arum, Scrophularia nodosa, and some species of Plan- 
tago, but this condition is less common than the preceding. 

Among the contrivances which lead to the cross-fertilisation of 
flowers by the agency of insects, the means of tempting insects to 
visit the flowers, such as bright colours, odours, and the secretion 
of honey, must be first mentioned. The peculiar marking of the 
flower serves in many cases the purpose of guiding insects to the 
nectary. The form of the flower, the situation of the honey, the 
position of the stamens, and their relation to the other parts of the 
flower, particularly to the stigma, the relative development in point 
of time of the different parts, all these circumstances combine and 
co-operate to secure cross-fertilisation, and sometimes to allow of 
the visits of particular insects only, as, for instance, of butterflies 
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with long probosces, though there are also cases in which the insects 
must occasionally convey the pollen to the stigma of the same flower. 
A simple arrangement of this kind, known as hderostylimi or di- 
morphism, and which occurs in the Primulace®, Pulmonariece, and 
others, may be mentioned here. These plants have two kinds of 
flowers ; in one form the stamens are short and the style much 
longer, so that the stigma projects above the anthers ; in the other 
form, on the contrary, the anthers arc on long filaments above the 
stigma, and they are so constructed that the anthers of one form 
stand on the same level as the stigma of the other (Pig. 226). 
From the position of the nectary, and the form of the rest of the 
flower, an insect visiting it is obliged to take up the same position 
at each visit; consequently after it has visited a flower of the one 
kind, when it visits a flower of the other kind, it touches the stigma 
of the latter with the same part of its body with which in the first 
flower it brushed the anthers, and thus the pollen which it carried 
away with it from the anthers of the one flower is transferred to 
the stigma of the other. Observations made by artificially trans*- 
poriing the pollen have shown that fertilisation is most complete 
when the pollen of stamens of a certain length is conveyed to the 
stigma of a style of the same length. The same is the case with 
trim orphic plants, e.rj., Oxalis : in these, three forms of flowers occur 
with three different lengths of styles and stamens. 

As examples of more complicated contrivances for the purpose 
of securing cross- fertilisation, Aristolochia and Epipactis may be 
described. 

The flower of Avisfolochia Clcmati.tis (Fig. lot) is protogynous ; 
insects can penetrate without difficulty down the tube of the 
perianth, which is furnished on its internal aspect with hairs which 
point downwards, and they thus convey the pollen they have 
brought wdtli them from other flowers, to the stigma ; the hairs, 
however, prevent their return. When the pollen has reached the 
stigma, its lobes (Fig. 154 A and B n) spring upwards, and thus 
the anthers, which now begin to open, are made accessible to the 
insects; these, in their efforts to escape (Fig. 154 Z), creep round 
the anthers, and some of the pollen adheres to them ; by this time 
the hairs in the tube have withered, and the insect escapes, dusted 
over with pollen which, in Rpite of experience, it proceeds to convey 
in like manner to another flower. Those flowers which are ready 



GROUP IY. — PHANEROGAMS. 


203 


the peduncle bends downwards and the tube is closed by the broad 
lobe of the perianth, so that it is impossible for insects to enter 
llowers which have been fertilised. 

In the flower of Epipactis (one of the Orchidacese), the anther is 
situated above the stigma and does not shed its pollen in isolated 



Fig. 154.— Flower of Aristolochia. A Before, 
and Ji after fertilisation ; r the tube of the 
perianth ; fc the cavity below ; w stigma ; a 
anthers ; l a u insect ; l:f ovary. (After Sachs.) 



FrG. 155. — Epipadis latifoHa. A Longi- 
tudinal section through a flower-bud. B 
Open flower after removal of the perianth, 
with the exception of the lahellurn, l. C The 
reproductive organs, after the removal of 
the perianth, seen from below and in front. 
D as B. The point of a lead-pencil (5) in- 
serted after the manner of the proboscis of 
an insect. E and F Tho lead-pencil with 
the pollinia attached ; fK ovary ; l label lum, 
its sac-like depression serving as a nectary ; 
n the broad Btigma; cn the connective of 
the single fertile anther ; p pollinia ; h the 
rostellum: x x the two lateral gland-like 
staminodes ; < place where the labellum has 
been cut off ; « the columnar style, (After 
Sachs.) 


grains ; but when a certain sticky portion of the stigma, known as 
the rostellum (Pig. 155 h), is touched, the entire pollen-sacs, together 
with the rostelluni itself, are carried away. The insect creeps into 
the flower to obtain tho honey which is secreted in the cavity of 
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and bears the true fruits (achenes) in the form of small hard 
grains. The fig is another example of a spurious fruit (Fig. 194) ; 
it is in fact a fleshy receptacle ( i.e ., an axis) which bears a multitude 
of distinct flowers situated inside the cavity of the receptacle, and 
the individual fruits appear as hard grains ; such a fruit is termed 
a syemms . Again, when the ovaries and floral envelopes of closely 
crowded flowers, as in the Mulberry and the Pine- apple, become 
succulent, a kind of spurious fruit is formed which is termed a 
sorosis. 


In other cases, a husk, called the cupula is formed, which contri- 
butes to the formation of a spurious fruit : this is formed of leaves 
and is not developed until after fertilisation ; it may surround either 



Fig. IoS. — Fruit of IJH~ 
cium animat urn : mt peduncle; 
f f the separate fruits, each 
with a seed (s) forming an 
apocarpous fructification. 


» a solitary distinct fruit, like 
the acorn- cup (Fig. 211), or 
several distinct fruits, like the 
four-valvcd spiky husk of the 
Beech- tree or the prickly 
husk of the edible Chestnut. 

When the fruit consists of 
one or more monomcrous 
ovaries, it is said to be apo- 
carpous : examples of this 
occur in Ranunculus, in the 
Raspberry, where the indi- 
vidual ovaries are succulent, 
and in the Star- anise (Fig. 
158). The individual fruits 



may be developed in very 

Ftg. 1 r»9 . — Carum Carui, ono of the Umbelli ferae. * 

a Ovary of the flower (/). B Ripe fruit which different ways ; they may be 


has divided into two raericarps (m), a portion of dehiscent Or indclliscent, dry 
the median wall (a) forms the carpophore. , . 

or succulent. 


When the fruit consists of a single polymerous ovary, it is said 
to be syucarpous. When the loculi of such a fruit separate from 
each other during the process of ripening, so that it ultimately 
appears as if a number of distinct fruits were present, it is termed 
a schizocarp ; when two only are present, each of these is termed 
a mertcarp , as in the Umbellifene (Fig. 159) ; in the Geraniacese, 
where there are several distinct fruits, each is termed a coccus ; and 
in the Maple each fruit is winged, and is termed a samara . The 
individual cocci are always indehiscent. 

In various mnltilocular ovaries only one loculus becomes fully 
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developed and bears seeds, as in Valerian and the Oak; the others 
are abortive. It happens in rare cases that the fruit becomes per- 
fectly formed without any development of seed or embryo, as in a 
particular seedless variety of Grape. 

In all true fruits the wall of the ovary forms the pericarp or 
rind ; this usually consists of three distinct layers ; the external 



F.g. lfiO.— Dry dehiscent fruits. A The pod (legume) of the Pea; r the dorsal suture ; b 
the ventral ; c calyx ; s seeds. B Septicidal capsule of Colchicum autumnale : fff the three 
separating carpels. C Siliqua of Brassica ; It the valves; w the dissepiment and placenta) 
(replum) ; s seeds ; g style ; n stigma. V Capsule, opening by pores, of Papavcr somniferuin, 
the Poppy ; n stigma ; j the pores which open by the removal of the valves (u). E Fyxidium 
of Hyoscyamus; d the lid j w the dissepiment; * seeds. 

layer is the epicarp , the middle the mesocarp , and the innermost the 
eudocarp. The following varieties of true fruits have been distin- 
guished by the peculiarities of these three layers of their walls 
whether they are dry or succulent, hard or soft, — and by the mode 
in which the fruit opens to allow the seed to escape. 

A. Dry Fruits. The pericarp is woody or coriaceous ; the sap 
has usually disappeared from all the cells. 

I. Dry hidehiscent fruits. The pericarp does not rupture, but 
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encloses the seed until germination ; the testa is usually thin and 
frequently coalesccnt with the pericarp. 

(1) One-seeded fruits : 

00 The nut ( qlans ), e.g., hazel-nut (but not the walnut) ; the 
dry pericarp is hard and sclerenchymatous. 

(b ) The acheue (superior) : the pericarp is thin and coriaceous; 
e.(j., the Rose and the Buttercup. The similar fruit 
of the Composite is a cypsela (inferior). 

The fruit of Grasses, termed a caryopsis , is very similar to 
the acliene; it differs from it in that the testa and the pericarp 
closely adhere, whereas in the achene they are not adherent. 

(2) Many-seeded fruits (sclii zocarps) : these commonly split into 
one-seeded fruits, which usually enclose the solitary seeds until ger- 
mination, c.rj., the *U mbellifcrae (Fig. 159), Gcrani acorn and Maple. 

II. Dry Dehiscent Fruits. The pericarp ruptures and allows the 
seeds to escape ; the testa is usually firm and thick ; they are com* 
rnoiily many-sccded. 

(1) Dehiscence longitudinal. 

(a) The follicle , consisting of a single carpel which opens 

along the ventral snture, where also the seeds are 
Lome, e.</., Paoonia and lilicium (Fig, 158). 

( b ) The legume or pod likewise consists of but one carpel 

which opens along both the dorsal and ventral sutures 
(Fig. 100 A, transverse section Fig. 145 A) : e.g., the 
Vetch, Pea, Bean, and many other Leguminosae ; in 
some cases (Astragalus) a spurious dissepiment 
. occurs 

The lomentum is a modification of the legume ; it is con- 
stricted between the seeds, and it is either indeliiscent or it 
breaks across, when ripe, at the constricted parts. It occurs in 
the Hedysare®. 

(e) The siliqua consists of two carpels. The two carpels 
when ripe separate from the base upwards into two 
valves, leaving the spurious dissepiment (replum) 
which remains attached to the apex of the peduncle, 
and to the margins of which the parietal placentae 
are attached ; e.g., Rape, Mustard, and most of the 
Oruciferse (Fig. 160 C ). 

When the siliqua is short and broad, it is termed a silicula , 
3£ in Tklaspi and Capsella. In some cases, as in the Radish, 
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the siliqua is jointed and indeliiscent, breaking transversely into 
one-seeded portions. It res mbles the lomcntum, and is there- 
fore said to be lomcntaccous. 

(d) Tlic capsule is derived from a polymerous ovary which 
may be uni- or multilocular ; it splits into two or more 
valves, either for a short distance only from the apex 
downwards, or down to the very base (Fig. 160 B). 
If the carpels become separated from each other, and 
in the case of multilocular ovaries this involves the 
splitting of the dissepiments (Fig. 161 A ), the dehis- 
cence is said to be septicidal ; if, on the other hand, 
each carpel splits along its dorsal suture, the dehis- 
cence is said to be locuUcidal (Fig. 161 B). In 
multilocular ovaries the dissepiments may be per- 
sistent and remain either attached to the middle of 
the valves (Fig. 

161 B ), or united 
into a column 
which is free 
from the valves ; 
in the latter case 
the dehiscence is 
said to be sepli- 
fragal (Fig. 161 
C). 

The capsule is 
usually superior, but Fio. 161 . — Diagrammatic sections of dehiscent 

sometimes aa in ca P sules - A Septicidal, IS locuUcidal, C septi- 
_ . , , _ fragal dehiscence. 

Iridaceae and Cam- 

panulaceoe, it is inferior ; a special term, diplotegium , is applied 
to the inferior capsule by some authors. 

(2) The form of capsule known as a pyxidium has a transverse 
dehiscence, e.g ., in Plantago, Anagallis, Hyoscyamus (Fig. 160 E ) ; 
the upper part falls off like a lid. 

(3) The porous capsule , e.g., the Poppy (Fig. 160 I)), sheds its 
seeds through small holes arising from the removal of small por- 
tions of the wall in certain spots. 

B. Succulent Fruits. In these the pericarp (or at least some 
layers of it) retains its sap until it is ripe, and usually becomes 
fleshy at that stage ; it is indeliiscent. 

(1) The drupe (Fig. 162), e.g., the Plum, Cherry, and Walnut. 

p 
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The most internal layer, the endoearp, is very hard and sclerencliy- 
matous (Fig. 10*2 E), and encloses the seed until germination; the 
mesocarp is generally succulent, and the epi* 
P/ carp is a delicate membrane. 

0 (2) The berry (bacca) ; the endoearp is 
\ soft and juicy as well as the mesocarp, so 

\ that the seeds are imbedded in the pericarp : 

| there may be one seed only, as in the Date, 

I or many, as in the Gourd, Currant, and 

J Grape : tlie fruit may have one loculus, as in 
' the Grape and the Gourd, or several loculi, as 
m e in the Orange ; and further, it may be su- 
Fio. 102. — Longitudinal perior, as in the Grape, Orange, and Lemon. 

section of Mie drupe of the . « . ^ 

Aimomi : . tho seed at- or inferior, as in tlie Currant, the Gooseberry, 
tached by the funicle (J); and tlie Gourd 
c the hard endoearp ; m The SC it 0 
the mesocarp; and x the 


e trie nara enuocarp ; m i j* t , * •, n 

tho mesocarp ; and * the The SC ° ds ° f dehlSCent fmlts are USUal b’ 

epicarp — these constitute provided with various contrivances to ensure 
the pericarp (p). their dispersion; in the case of indehiscent 

fruits, the fruit itself is thus provided : of this nature are the 
wing-like appendages of the fruit of the Maple and of the seeds of 
many Caryophyllaceous plants, the hairs upon the fruit of the Com- 
positoo, and upon the seeds of the Cotton, the Willow, and the Poplar. 
The coats of many fruits and seeds have layers of .cells which be- 
come extremely mucilaginous, e.y., the Quince, the Flax (linseed), and 
the Plantain. The fruits of Geranium and allied genera have long 
beaks, by means of which they bury themselves in the soil. 

Some seeds begin to germinate as soon as they are shed, but for 
the most part a period of rest is requisite ; if this is too much 
prolonged, they lose their germinating power. 

The Inflorescence. It is only in comparatively few plants that 
the first or main axis terminates in a flower ; such plants are said 
to be uniaxial : it is not usually till the second or third branch, or 
one of even a higher order is developed, that a flower is produced ; 
such plants are said to be hi, tri -, or •poly-axial . 

The floral axis of Angiosperms frequently forms an elaborate 
branch-system which is usually sharply defined from the vegetative 
part of the plant, and which bears no leafy structures beyond those 
of the flower except bracts. This is known as the inflorescence. 

In the inflorescence, as usually in all parts of Angiosperms. 
the branching is almost always monopodial and axillary. Same 
apparent exceptions may be easily reduced to this type ; thus, in the 
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-acemes of most of the Cruciform tlxo bracts at the bases of the 
individual pedicels are abortive, and the same occurs in many 
of the Composite; in the Solanacoa? and Boraginere the bract often 
undergoes displacement, so tlLat it appears to be inserted laterally 
upon the axillary shoot; on the other hand, it sometimes occurs that 
the axillary shoot is for some distance adherent to the main shoot. 

A long flower-stalk with no leaves or with only a few small bracts, 
which bears at its upper end a crowded or a sharply defined inflor 
esccnce, is called a scape. 

In accordance with the principles of branching already laid down 
on page 20, the different forms of inflorescence may be classified as 
follows : 

A. Racemose inflorescences : consisting of a main axis or racliis 
bearing a number of lateral branches which have been developed 
in acropetal succession ; the lateral shoots do not usually grow 
longer than that portion of the main axis which lies above their 
insertion. It is immaterial whether or not the main axis termin- 
ates in a flower. If the lateral shoots of the first order — /.<*., those 
which spring directly from the main axis of the inflorescence — ter- 
minate iri a flower without any further rami ficaf ion, the inflorescence 
is said to he simple, hut if they branch it is said to he compound. 

I. Simple racemose inflorescences ; 

(a) With an elongated axis : the lateral shoots, which are the 
pedicels, spring from the axis at some distance from each other. The 
three following forms may he distinguished : 

(1) The spike, in which the flowers are sessile oil the floral axis, 
or have very short pedicels (Fig. lfid A) ; e.g., the inflorescence of 
the Plantain (Plantago). 

The small spikes of the Glumales are termed spikclcts (Fig. 171). 

(2) The spadin', which differs from the spike only in having a 
thick and fleshy axis ; a large bract forming a sheath, called a spathe , 
.ommonly grow s at the base of the inflorescence and envelopes it 
nore or less ; c.g., Arum and Richardia. 

(3) The raceme, in which the flowers have long pedicels of nearly 
equal length; e.g , the Crnciferoe, as the Radish, Cabbage, etc.; in 
these the bracts of the individual flowers are not developed; also 
Berbcris and others, but not the Grape-vine (below No. 7). 

(/?) With a short axis; the flowers are set closely together on the 
short or flattened main axis. 

t4) The cnpituluni (head) in which the short main axis is coidcaJ 
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or disc-shaped or even hollowed out, and is closely covered with 
sessile flowers (Fig. 1G3 V) ; e.g., the Compositse, as Dandelion, 
Sunflower; also the Scabious. The bracteoles (palem) of the indi- 
vidual flowers (Fig. 1G3 Djj) are sometimes wanting; but the whole 
head is surrounded at the base by a number of bracts forming an 
involucre (Fig. 1G3 Dc) which gives the inflorescence the appearance 












Fig. 1G3. — Diagram** of the v nricties of racemose inflorescences. 
A Spike. B Compound raceme. C Compound umbel ; <Z rays 
of the umbel; t involucre; di secondary rays of the mnhelluUe; 
iy involucel. V A capitulum ; i involucre ; b flower ; p paleae. 


of being one flower. 

(5) The umbel , composed of a large number of flowers with long 

pedicels which 
spring together 
from a very 
short axis which 
commonly ter- 
minates in a 
flower (Fig. 1G3 
0 d) ; e.g ., the 
Umbellifcrm and 
the Ivy. The 
bracts of the 
separate pedi- 
cels forming the 
rays are usually 
present in diminished number ; they form an involucre. 

II. Compound racemose inflorescences are formed when the lateral 
shoots which hear the flowers as described above are again branched, 
or, in other words, when inflorescences of the types above enume- 
rated are united to form a larger inflorescence; for instance, when 
several capitula are arranged on tbe main axis in tbe same way as 
file flowers of a raceme. The same terms are applied to the first 
ramification of the compound inflorescence as to the simple ones 
described above ; tbe above-mentioned example, for instance, is a 
raceme of capitula, and is termed a capitulate raceme. Compound 
inflorescences may be classified as follows : 

(a) Homogeneously compound ; in these the branches of the first 
and second (or higher) orders are of the same character. 

(G) The compound spike ; in this form many simple spikes are 
arranged on the main axis of the inflorescence in the same way as 
the flowers in a simple spike, or, in other words, the main axis of 
the spike gives rise to secondary spikes instead of to single flowers; 
e.g.j the inflorescence of Wheat, ftye, etc. 

(7) The compound raceme; in this case smaller racemes grow on 
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the main axis of the raceme ; the ramification is in many cases 
still further repeated in such a way that it is more complex at the 
base of the primary raceme than towards the apex ; e.q., the Grape- 
Vine (Fig. 1G3 B). 

(8) The compound umbel (Fig. 103 C). This is far more common 
than a simple umbel, and is in fact usually called an umbel ; the 
separate simple umbels (Fig. 1(33 G d) are then called umb Glide* 
and their respective involucres are involuccl*. 

(/?) Heterogeneously compound inflorescences ; in these the branches 
of the different orders are dissimilar. In consequence of this so 
many complicated forms arise that it is impossible to enumerate and 
name all the combinations. As examples, the following will only 
be mentioned: the capitulate raceme, which consists of a number of 
capitula arranged in a raceme ; it occurs in many of the Composite 
pjj., Petasites : the apt cate cap i fain in , which consists of several 
spikes forming a eapitulum, as in the Soirpeoe : the spicule raceme 
which occurs in many Grasses, in which the last branches of a 
compound raceme are spikes. 

B. Cymose inflorescences. The main axis, which terminates in a 
flower, produces below its apex one or a few lateral branches — rarely 
several — which also terminate in flowers, but grow more vigorously 
than the main axis and repeat the same type of ramification. 

I. In the simple cyme the ramification in the secondary and 
higher orders follows the same type. 

(a) Without a pseud -a, vis (see page 20). 

(9) The cyme : beneath the terminal flower spring several — three 
or more — lateral shoots of equal vigour, e.y. 9 many Euphorbias 
This inflorescence greatly resembles the true umbel, and in fact 
cannot be distinguished from a true umbel which has a terminal 
flower. The identification of an inflorescence as belonging to the 
cymose type depends in many cases on the fact that in the higher 
orders of branching the cymes are reduced to dichasia. 

(10) The dichasium (Figs. 18 and 19 0) consists of only two 
equal lateral shoots arising at the same level below the terminal 
flower, and branching in a similar manner. The successive false 
dichotomies commonly decussate; e.ij. y Valerianella and the weaker 
inflorescences of many Euphorbiae. 

(j3) With a pseud- axis. 

(11) The helicoid cyme (bostryx) : the lateral branches of the 
successive ramifications always occur on the same side (Fig. 19 Dj: 
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this is frequently found in Monocotyledons, such as Hemerocalli^ 
Ornitliogalum, Alstreemeria. 

(12) The scorpioid cyme (cicinnns) : in this the lateral branches 
occur alternately on opposite sides (Fig. 19 A and B). 

Kecont researches have shown, however, that in many cases (various Solanace;* 
and the so-called scorpioid cymes are -monopodial ; the axis is 

therefore not a pseud-axis but a true one, and the inflorescence must be regarded 
as a unilateral raceme. 

IT. Compound cynwsc inflorescences arise on one hand from the 
rednetion of the ramification in the higher orders, as, for instance, 
when the secondary members of a cyme are not cymes but diehasia: 
these are diebasial cymes; tlioy occur in many Euphorbia): again 
when diehasia terminate in scorpioid or helicoid cymes. On the 
other hand it sometimes occurs that helicoid cymes are combined to 
form scorpioid cymes, as in Geranium. 

C. Compound racemose and cymose inflorescences. It may occur 
that a compound inflorescence changes in type in the different, 
orders of ramification. Thus the branches of the first order may 
exhibit a racemose arrangement, and those of the second a cymose 
arrangement, as in the dichasud racemes of many Euphorbia) (<*.//., 
B. Bsnla, amygdaloid** ), in the scorpioid racemes of the Horse- 
chestnut., and in the helicoid capitula of many species of Allium. 
On the other hand the branches of the first order may have a 
cymose, and those of the second a racemose arrangement; for in- 
stance, the helicoid cymes of capitula in Cichorium. 

Finally, there are certain terms used in describing inflorescences 
which refer only to the general external appearance rather than to 
the inode of formation of the inflorescence: thus, the panicle is a 
pyramidal inflorescence generally of the racemose type, at least in 
its first ramification: the corymb is a compound racemose in- 
florescence of which all the ultimate ramifications lie in one plane 
and bear flowers, e.g., many Cruciform: the amenUun (catkin) is a 
simple or compound inflorescence, usually pendulous and elongated, 
bearing inconspicuous flowers, which falls off entire from the plant 
when tlie flowering is over. Of cymose inflorescences there is the 
fascicle , consisting of a number of flowers on pedicels of equal length 
(Sweet William) ; the glomcrule (Nettle and Box) or verticillaster 
(many Labi at ju), consisting of a few sessile or shortly pedicillate 
flowers; and the anthalu, which is a compound inflorescence, in 
which the branches of the first order are gradually shorter from 
below upwards (or rather from without inwards), as in Juncaccm. 
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Class IX.— MONOCOTYLEDONS. 


The embryo has but one cotyledon; the endosperm is usually abtm « 
d tut in tlio ripe sued. 


The embryo is usually 
small in comparison with 
the mass of endosperm 
(Fig. 104 Iec). The 
axis of the embryo ter- 
minates at Die posterior 
end in a very short ra- 
dicle and bears anteriorly 
a sheathing cotyledon 
which is considerably 
larger than the whole of 
the rest of the embryo, 
and which not unfre- 
quently encloses one or 
more of the first minute 
alternating leaves. 

On germination, the 
upper end of the cotyle- 
don commonly remains in 
the seed and absorbs the 
nutritious substances de- 
posited in the endosperm 
(Fig. 1G4 IJ -IV.) ; the 
lower part of the cotyle- 
don elongates and pushes 
the rest of the embryo 
out of the seed. In 
Grasses the cotyledon has 
a peculiar shield- like 
form, and is termed the 



Fig. 161.— Germination of Phoenix dacliilifcra, the Date. I. Transverse section of the 
dormant seed. III., IV. Different stages of germination (IF. the natural size). A Transverse 
section of the seed at a; a: m IV. B Transverse section of the seedling at x y : C at z z. e The 
horny endosperm ; s the sheath of the cotylodon; st its stalk; c its apex developed into an 
organ of absorption which gradually consumes tlio endosperm and at length occupies its 
( lace ; ro the primary root ; w* secondary roots ; V b" the leaves which succeod the cotylodon 
(//') become the first foliugo-loaf; in B and Cits Gilded lamina is seen cut across. (After 
Bachs.) 
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s cuiellum (Fig. 1(>5 sc) : in the ripe seed it almost entirely encloses 
*hc embryo, and is in contact by its outer snrface with the endo- 
sperm ; during germination the cotyledon absorbs the nutritions 
matters contained in the endosperm, while the stem with the other 
leaves grows out of the seed. In other Monocotyledons the coty- 
ledon is either a sheathing scale, or it is the first green leaf, differing 
but little from the foliage-leaves which are subsequently developed. 

The primary root usually remains small and inconspicuous; ad- 
ventitious roots are developed in succession at higher and higher 
levels upon the stem. 

The stem of Monocotyledons is traversed longitudinally by scat- 
tered closed fibro- vascular bundles; it has therefore no growth in 

thickness by the means of cam- 


bium. In a few genera only, as 
Yucca and Dracoena, it grown 
subsequently in thickness by the 
formation of meristem in the ex- 
ternal layers of the ground-tissue 
from which additional closed 
fibro-vascular bundles are de- 
veloped. 

The axis of the embryo in 
many cases continues to be the 
main axis of the plant ; at first 
it is thin and weak, and since no 
subsequent growth in thick- 
ness of the stem takes place, and 
since the successive portions of 
the stem are thicker and more 
vigorous, the whole stem gradu- 
ally assumes the appearance of 
an inverted cone, but when the 
plant has reached a certain 



Fm. ion. — Longitudinal section of the grain 
of Zea Mats (x about 6): c pericarp; n re- 
mains of the stigma; /s base of the grain; 

«g hard yellowish part of the endosperm; 
etc whiter less dense part of the endosperm ; 

*c scutellum of the embryo; es its apex; 
e its epidermis; lz plumule; oc (below) the 
primary root; ics its root-sheath; to (above) . , 
secondary roots springing from the first inter- height it may then grow Cylm- 
node Of the embryonic stem (sty (After drically ; this is the reason why 

Sachs '^ in Palms, in the Maize, and other 

similar erect stems, there is a diminution in thickness at the lower 
end. Frequently, however, the primary axis of the plant perishes 
when it has given rise to lateral shoots. 

The arrangement of the leaves is at first alternate: when the 
stem is well developed this alternate arrangement often passes ovor 
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into complex spiral arrangements, as in Fri till aria and in Palms, ir? 
which plants a crown of leaves is conspic Lions. In the Grasses and 
a few other families, the phyllotaxis is permanently alternate. A 
wliorlcd arrangement of the foliage-leaves occurs but rarely. 

The leaves commonly have a distinctly developed sheath but no 
stipules. The lamina is usually entire, simple in outline, often long 
and narrow, linear or ensiform, more rarely orbicular, cordate or 
sagittate. Branched leaves occur only in a few of the Aroideoo. 
The pinnate or palmate leaves of the Palms acquire this form by 
the splitting of the originally entire lamina, and the same is the 
case with the perforated leaves of many Aroidcae. 

The venation of the leaves is characterized by the fact that the 
weaker veins do not usually project on the under surface. In linear 
leaves, and in such as are inserted by a broad base, the stronger 
veins run almost parallel ; in broader ones, e.g. } Lily of the Valley 
( Gonvallaria majalis), they describe a curve which is more or less 
parallel to the margin ; the weaker veins usually run at right 
angles between the stronger ones. In the Scitaminea? and a few 
other plants, a number of parallel transverse veins arc given off at 
various angles (sometimes very acute, and sometimes nearly right 
angles) from the median vein. Reticulate venation of the leaves 
is very unusual ; it occurs in Avoids and in Paris qmulri folia. 

The flower of Monocotyledons consists typically of five alternating 
and isomcrous whorls, two belonging to the perianth, two tothean- 
droecium and one to the gynoecium. Thus the typical formula is Kn. 
(7n, An + n, Gn, where n in most cases -3, more rarely = 2, 4 or 5. 
The members of the perianth usually resemble each other in texture. 

This type is most closely adhered to in the Liliacem. The first 
departure from it is exhibited in the abortion of the inner whorl of 
stamens in the I r iderc, and in the inferior position of the ovary. 
This latter character occurs also in the Scitaminene and Orchidacem, 
which are also characterized by the zygomorphism of their flowers 
and the considerable reduction of the andrcecium. 

Other various and considerable reductions of the parts of the 
flower occur among the Aroideee, and constant reduction in the 
Glumales and Typhaccre. 

In the case of certain water-plants, development appears to have 
been arrested at an early stage. In others, the number of 
the members of the gynoecium and to some extent even of the 
andrcecium is not constant, and the spiral arrangement predomin- 
ates (Alismaceae). 
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The simply organized water-plants may be regarded ir 
cases as reduced forms, as the Lemnacere, while some seem to he 
representatives of a special type, as the Naiad eie. 

The Monocotyledons may be classified as follows : 
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SUB-CLASS I. NUDIFLOBiE. 

Flowers unisexual or hermaphrodite: perianth wanting, or con 
Fisting of scales : ovary superior. 

SERIES I. SPADICIFLORJE. 

Flowers usually in a spike or spadix with a spatlie, sometimes 
solitary: anthers usually extrorse, or dehiscing by pores 

Cohort 1. Potamales. Order 1. Naiades. Perianth 0, or of 
2-4 segments: stamens 1-4: gynoecimn apocarpous, ovaries 1-4, 
with usually a single erect or suspended ovule: seed without 
endosperm. Water-plants. 

In the genus Naias the flowers are soli tar} 7 or in spikes, and arc dimeious : 
perianth 0: male flowers with l stamen, female flowers with 1 carpel: ovule 
erect. N.jlexilis is the only British species. 

The flowers of Fliucagrostis generally resemble those of Naias, but the male 
flower has 2 stamens, anil the female 2 carpels. This genus is found in the 
Mediterranean. 

In Zostera, the Grass-wrack, the flowers are unisexual, monoecious, and 
without a perianth; they are borne in two rows on one side of a spadix, 
stamen 1, carpel 1. Zostera mariii'i and nana are the British species. 

Zostera arid Phucagrostis live in the brackish water of estuaries ; they are 
remarkable in that their pollen-grains are filiform. 

In Zanicliellia, the Horned Pondwoed, the flowers are monoecious, and are 
solitary or in spikes; male flower, perianth 0, stamen 1 ; female flower, perianth 
bell - si i aped, carpels 4-0. Z . palustris is the only British sfieoios. 

In Ruppia, the Tassel Pondwoed, the flowers are hermaphrodite, and there are 
generally two on a spike; formula PO, A2, GL 11. maritima is the British 
species. 

In Potamogeton, the Pondwoed, the flowers, which are hermaphrodite, are in 
spikes; general formula Pi, .-12 + 2, G x 1 ; the stamens are inserted on the 
segments of the perianth. This genus is represented in Britain by many 
species: in some (P. jiusillus) the stem bears only submerged leaves which are 
narrow and linear; in others the leaves are somewhat broader (P. dens us ), and 
in others again it bears a few broad leaves which float on the water (P. natans). 

Cohort. 2. Arales. The flowers are small and numerous, the 
inflorescence a spadix or a panicle with thick branches, commonly 
enclosed in a greatly developed spatlie; the bract coles of the in- 
dividual flowers are frequently wanting; perianth 0, or polyphyl- 
/ous; the flowers are usually diclinous, but both sexes frequently 
occur in the same inflorescence: gyncocium apocarpous or syncar* 
pous : the seeds have a large endosperm : the embryo is straight 
and minute. 



220 


PART IV. — THE CLASSIFICATION OK PLANTS. 


Order 1. Akoideje. Flowers monoecious or hermaphrodite : peri- 
anth 0 or of 4 segments: stamens many or deiinite : ovary uni- or 
multilocular : fruit a berry. 

In many of the genera the flowers are complete and conform to 
the monocotyledonous type, 7vn, On, An + n, G (-), where n may 
stand for 3, 2 or 5, as in Acorns (Fig. 106), in which the llowers are 
exactly typical. In other genera, however, the flowers are reduced 
in various ways and degrees; not only does the perianth disappear, 
but the number of the stamens and carpels is frequently diminished. 
An extreme case is offered by those diclinous flowers of which the 
male consists of only a single stamen, and the female of only one 
monomcrous ovary. These much reduced flowers are disposed in 

regular order on the spadix; thus in 
Arum (Fig. 107) the numerous female 
flowers, consisting each of one carpel 
(Fig. 167/), are inserted on the base 
of the spadix, and the male flowers, 
each consisting merely of a few sta- 
mens, are closely packed higher np 
on it (Fig. 167 a). The upper part 
of the spadix is covered with rudi- 
mentary flowers (b, c). When, as in 
this ease, the perianth of the true 
flowers is wholly wanting, the whole 
inflorescence may assume the aspect 
of a single flower; but irrespectively 
of tlie numerous intermediate forms 
which are to be found, such a view is 
untenable when it is borne in mind 
that here the ovaries are invariably 
situated below the stamens, while in a flower they are invariably 
above them. 

The stem may be underground, a tuber, or a rhizome, or it may 
be aerial; ’in the latter case it often climbs, clinging to trees by 
means of aerial roots. The leaves are cither alternate and dis- 
tichous or, more often, spiral with a divergence of They aro 
rarely narrow, linear, or enisform, and commonly consist of sheath, 
petiole, and blade; the venation is reticulated, and the leaf often 
exhibits a more or less complicated segmentation. 



Fig. liiv.5, — Flower of 
Acorns Calamus (mag.): 
a outer, t inner peri- 
anth ; st stamens ; / 
ovary. 


Fig. 3 G7. — Spadix of Arum maculd- 
tum (nat. size): f female; a male; 
and b rudimentary flowers; c the 
upper club-shai ed cud of the spadix. 


Sub-order 1 . Okonte^s. Flowers usually hermaphrodite and with a perianth. 
Acorus Calamus, the Sweet Flag, originally a native of Asia, is found occo- 
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non ally in ponds and ditches in Britain. The underground rhizome bears long 
ensiform leaves and a triangular scape bearing a terminal spadix which, how- 
ever, is pushed on one side by the spathe which is long and narrow, and appears 
as a prolongation of the stalk. The spadix is closely covered with perfect 
flowers (Fig. 160). 

Sub-order 2. Areje. Flowers diclinous and without a perianth. 

Arum macula turn , the Cuckoo-pint or Lords-and-Ladies, is common in woods 
and hedge-rows ; the large green spathe completely envelopes the spadix (Fig. 167). 
lticharilia etliiapica is a cultivated plant well known under the name of Calla 
or Colocasia ; it has a large white funnel-shaped spathe. The species of Philo- 
dendron have climbing stems and large leaves which are frequently perforated. 

Pistia Stratiotea , a tropical water-plant, is characterized by having the flowers 
on the spadix reduced to two, one male flower, and one female flower consisting 
of a single carpel ; tho spadix and spathe are adherent. It appears highly 
probable that the Lemnaceae, mentioned below, aro in fact very simple forma 
of this family. 

Order 2. Lemnacejs. Stem leafless. Each inflorescence consists 
Dt two male flowers and one female flower borne on a lateral pro- 
minence of the stem : the male flowers consist of a single stamen, 
and the female flower of one carpel. 

Lcmna trisulca , pohjrhiza , minor and gihba , are known as Puck-weed; they 
are common in tanks and ponds, floating on the water. The stem, which is 
leafless, is almost flat, resembling a thallus : it bears 
two rows of branches (Fig. 168), as also roots on its 
under surface which are suspended in the water. Boots 
are, however, absent in Woljjia arrhiza , which is also 
devoid of libro- vascular bundles: its flower has no 
spathe, and it bears only one row of branches : it is 
the smallest known flowering plant. 

Order 3. Pan pane je. Flowers dioecious, 
perianth 0 ; the female flowers each consist of 

1 Tig. 16$. — Tart of a platu 

a single carpel ; they are closely crowded on of ixmna trisuica, seen from 

the spadix, which becomes a spurious fruit: above : a the young lateral 

branches (nat. size). 

the male flowers have numerous stamens. 

F<mdanu8 utilis , the Screw-Fine, and other species, form thickets in the 
tropics, particularly on tho banks of rivers. The straight woody stems, which 
subsequently branch, give off numerous strong roots which attach them to the 
soil, and bear crowns of large narrow linear leaves, the margins of which are 
frequently set with sharp spinous teeth. The tough fibro- vascular bundles are 
used for the manufacture of fabrics. 

Order 4. Cyclantheji. Plants of a palm-like habit in Southern 
and Central America ; the flowers, which usually have a perianth, 
are disposed on the spadix in regular spirals : they are monoecious. 
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The leaves of Carludovica palmata are applied to various purposes, eg., 
Panama hats are woven of them. 


Order 5. Typiiaceje. Flowers monoecious, the perianth repre- 
sented only by scales or hairs. Stamens 1-0. Ovary inonomeroiis 
containing one ovule. Inflorescence a spadix, without a spatlie, 
elongated or compact. 

In Sparganium, the Bur-reed, the inflorescences are spherical spikes which 
are borne terminally and laterally in two rows on the upper part of the stem. 
The lower spikes bear only female and the upper only male flowers ; the perianth 
consists of scales; stamens 2-3, free. Sparganium simplex and ramosum are 
not rare in ditches. 

Typha, the Heed-mace or Bulrush, bears its flowers on a long terminal spadix ; 
the male flowers are borne at the upper and thinner portion directly on the main 
axis ; on the lower and thicker portion are borne the female flowers, which grow 
partly on the main axis and partly on very short lateral shoots; the perianth is 
replaced by long hairs; stamens 3, monadelphous. Typha angiuti/olia and 
lutifulia occur in bogs and wet places. 



Cohort 3. Palmales. Order 1. Fa l. ale. The flowers are dkecious 
or monoecious, rarely hermaphrodite or polygamous, and they 
generally conform to the type A’3, C3, y!3 + 3, 
Cr— : in rare instances a larger or a smaller 
number of stamens are present : anthers some- 
times introrse: carpels, in rare eases, only two 
or one: ovary monoinerous, or polymerous with 
from one to three loculi. The flowers are in- 
serted with or without bracteoles on a spadix or 
on the thick axis of a spicate or paniculate in- 
florescence (Fig. 10b). 

Their mode of growth is somewhat various. 
Most Palms bear tlieir leaves closely arranged 
in a crown at the top of a tall or of a quite short 
stern, which is clothed for some distance below 
its apex with the remains of the older withered 
leaves. But in some genera, v.g ., Calamus, the 
steins creep or climb and the leaves arc inserted 
at some distance from each other. The blade of the leaf commonly 
splits in the course of its growth, assuming a palmate or pinnate 
form. 

Palms chiefly inhabit the tropics, particularly the Moluccas, 
Brazil, and the region of the Orinoco. 

Phoenix dactylifcra (the Date Palm), a native of Asia and Africa, has pin- 


Fig. 169. — Part of ttio 
fenntle panicle of Gha- 
mseilorea: s the thick 
axis; a the external; 
aij.i p the internal whorl 
Of the perianth ; / ovary 
<* 3). 
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natifid leaves. Of the three ovaries, one only deveiopes to form the fruit which 
is known as the date ; the stone of the date consists of a very thin testa enclosing 
the large mass of endosperm in which the embryo is imbedded. Cocoa nuciferu 
(the Cocoa-nut Palm) has, as is well known, many uses. The fruit itself is a 
gigantic drupaceous fruit ; the mesocarp is traversed by an immense number of 
fibro-vascular bundles, which are used to make ropes, etc. Inside the exces- 
sively hard wall of the fruit itself, the endocarp, lies a single large seed. When 
the fruit is mature, the endosperm forms a layer only a few millimetres in thick- 
ness, which lines the hard shell ; the rest of the space is filled with fluid, known 
as cocoa-nut milk. The embryo, which is small, is imbedded in the firm tissue 
of the endosperm, under the spot where there is a hole in the endocarp. Sagu* 
Ixumphii, belonging to the Moluccas, yields Fago, which is in fact the starchy 
parenchyma of the stem. Elais guinccnsis is the Oil-Palm of West Africa ; 
the mesocarp of the plum-like fruit yields the oil. The stems of various species 
of Calamus constitute the so-called Spanish cane. The large and very hard 
endosperm, with much-thickened cell-membranes, of Phytelephas macrocarpa , is 
used in turnery, and is known as vegetable ivory. Chamccrops humilix , the Fan- 
Palm, is found in Southern Europe and Northern Africa. Livistona australis is 
frequently cultivated for the sake of its graceful, fati-like, palmatifid leaves. 


SENIES II. GLUMIFLOME. 


Flowers hermaphrodite or unisexual, usually in heads or spikelets 
invested by imbricate bracts or gdumes : ovary uni- or multilocular, 
wit li one ovule in the loculus: seeds with endosperm. 

Cohort 1 . Glumales. Ovary unilocular : ovule erect. 


Order 1. Gramineje. True Grasses. The leaves are alternate 
on the stem, which is known as the haulm; the embryo lies on the 
side of the endosperm (Fig. 105). The usually hermaphrodite flowers 
are referable to the formula 7\0, C'2, AS 4- 0, G-; they are enclosed 
by bracts here 
termed palcw, 
and are arranged 
in complicated 
inflorescences; 
the perianth - 
leaves assume 
the form of 
small scales 

termed lodicnles ; the unilocular ovary contains only one ovule; the 
grain is the fruit, a caryopsis, to which the two palcm sometimes 
adhere, e.g., Barley and Oats. 

A. flower of this composition is sessile in the axil of a bract, which 
is termed the inferior or outer palea (Fig. 171& lf and there is 



Fio. 170.— Diagrams of Grass-flowers. A Bambusa. B Common 
type of Gramineu). C Nardus. 
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also a bracteole beneath the perianth which is termed the superior 
or inner palea. The two paleoe completely enclose the flower. 
Usually two or more flowers which are thus enclosed by the pale.e 
are present on an axis (Fig. 171 x ), and constitute the spikelet of 
the Grass, and beneath the lowest flower there are usually two 
more bracts which bear small sterile flowers in their axils and which 
are known as the glumes (Fig. 171 g). Thus a spikelet consists of 
an axis bearing two rows of bracts of which the two first and lowest 
are barren, while the succeeding ones bear each a flower in its axil, 
and beneath each flower there is also a bracteole or palea belonging 
to the floral axis itself. The inferior palea) often have, either at 
the apex or else borne on the midrib, a spinous process called the 
arista or aicu (Fig. 171 gr). 



Fig. 171.— A spikelet of Wheat dis- 
sected (mag.): x ft<is of the spikelet; 


The number of flowers in each 
spikelet varies according to the 
genus ; often there is but one, the 
lowest, with rudiments of others 
above it; if, however, only one of 
the upper flowers is developed, so 
that the lower palea) bear no flowers 
in their axils, they are regarded as 
glumes, several being therefore pre- 
sent in such a case. The spikelets 
themselves are in many genera, e.g., 
Ilye and Wheat (Fig. 172 I>), ar- 
ranged in two rows on a main axis ; 


q glumes; b 7 the inferior paicie the inflorescence may then be de- 


bearing (gr) the awn. B l I? a the 
flowers raised from the axis out of the 


signated a spike ; in most of the 


axils of the superior paiese, a an- other genera the main axis of the 


tliers; / ovaries. 


inflorescence bears lateral branches 


which are slender, of various length, and often branched again, and 
which bear the terminal spikelets ; in this way a panicle is formed, 
as in the Oat (Fig. 172 A). This may be either loose and spread- 
ing, with long lateral branches (Fig. 172 A), or compressed, with 
very short branches, e.g., Alopecurus. 

The stem is usually tall and the long internodes are hollow ; the 
sheath of the leaf is largely developed and frequently extends over 
eeveral intemodes. A membranous ligula is often found at the 
junction of sheath and lamina (Fig. 8 A). 

The Grasses are classified as follows: 
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8ub-order 1. Clisanthe.®. Spikelets closed in flower: styles or stigmas 
long, protruding beyond the apex of the inferior palea. 

Tribe 1. Panieea. Spikelets dorsally compressed, 1-flowered : glumes 3, of 
which the lowest is the smallest. 

Panic am glabrum (Digitaria humifusa ), P. ( Echinochloa ) Crus-galli , and P. 
(Setaria) viridis occur occasionally on cultivated land. 

Tribe 2. Phalaridece. Spikelets laterally compressed, 1-flowered : glumes 4. 
the inner pair being smaller. Phalaris arundinacea , the lieed-grass, is common 
on the banks of streams, etc. : a variety with white-streaked leaves is cultivated 
in gardens. Anthoxanthum odoratum , Vernal Grass, which has only two stamens 
and a paniculate inflorescence, is common in meadows: it gives the peculiar 
odour to fresh hay. 

Tribe 3. Andropogonece. Flowers 
monoecious or polygamous : glumes 
3, of which the lowest is the largest. 

Zea il/au, the Maize Plant, is cul- 
tivated in warm countries : its 
flowers are monoecious : the male 
flowers form a loose panicle at the 
apex of the haulm, and the female 
flowers are borne laterally on a 
thick spadix, which is ensheathed 
by leaves. Saccharum ojjicinarum , 
the Sugar-cane, is a native of the 
East Indies. 

Tribe 4. Chloride a. Spikelets 
laterally compressed, usually 1- 
flowered, in compound spikes : 
glumes 2. Cynodon Dactylov , 
the Dog’s-tooth-grass, is often 
abundant on waste ground. S par- 
tina stricta occurs in salt marshes. 

Tribe 5. Phleinece. Spikelets 
laterally compressed, 1-flowered, in 
dense panicles : glumes 2. « main axis; s' lateral axes; a spikelet ($ nat. 

Alopecurus, the Fox-tail-grass, 8 i ze )- B Spike of Wheat: s axis; g tlie depressions 
has the glumes coherent at tbe which the .pikelet, (a) lie. These are removed 
, , ,. . at the lower part, 

base, and one rudimentary palea. 

Pliloum, the Cat’s-tail-grass, has free glumes and two distinct pale®. 

Tribe 6. Se&leriecc. Spikelets laterally compressed, 2-flowered or more, ir 
dense panicles : glumes 2. Seslcria cctrulca , the Moor-grass, occurs on moun- 
tains. 

Tribe 7. Nardecc. Spikelets 1-flowered, in simple spikes : glumes 0. 

Hardus strictaj the common Mat-grass, occurs on moors and heaths. 

Sub-order 2. Euryanthe.®. Spikelets open in flower : styles short, stigmas 
protruding near the base of the inferior palea. 

Tribe 1. Oryzecc. Spikes laterally compressed, usually 1-flowered : glumes 4 , 
often represented only by bristles. Oryza sativa is the Bice-plant — from the 

Q 
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East Indies; cultivated in marshy regions of Southern Europe. Leersia ory - 
zoides, the Cut-grass, is found in ditches in the south of England. 

Tribe 2, Stipcce. Spikelets 1-flowered, cylindrical or flattened posteriorly*, 
in panicles: glumes 2. Stipa pennata , the Feather-grass, has a long airy awn. 
Milium effasum , without an awn, is common in woods. 

Tribe 3. Agrostidece. Spikelets 1-flowered, compressed laterally, in loose 
panicles : glumes 2. 

In Agrostis, the Bent-grass, the axis of the spikelet is glabrous, oi it bears 
short hairs; A. vulgaris and stolonifera are common in meadows and woods: 
Apera Spica venti is common in fields : in Calamagrostis, the Small reed, 
several species of which occur on the banks of rivers and woods, the axis of the 
spikelet is covered with long hairs. 

Tribe 4. Avenea. The spikelets consist of several (usually two) flowers ; the 
glumes (or one of them at least) are as long as the whole spikelet. 

Avena, the Oat, has loose panicles, and a two-toothed inferior palea : of this 
genus there are many species ; A. fatua , pratensis and pubescent, are common 
in cornfields and meadows. The following species are cultivated: A. saliva , 
with its panicles in various planes; A. orientalise with its panicles in one plane; 
A. strigosa t with a hairy floral axis ; and A. nuda , the spikelets of which usually 
consist of three flowers. Aira ccespitosa and jlexuosa have truncate inferior 
paleae, and are common in meadows and woods. Holcus, the Honey-grass, has 
spikelets consisting of two flowers, the upper of which is usually male, and the 
leaf-sheaths are covered with silky hairs; it is common in damp meadows. 

Tribe 5. Festucea. The spikelets are usually many-flowered, and the glumes 
shorter than the lowest inferior palea. Melica, the Melic-grass, has sometimes 
spikelets consisting of a single flower only ; the glumes are long ; it is common 
in woods. Briza, the Quaking-grass, has spikelets which are compressed laterally 
and are cordate at the base ; it is common in meadows. Kocleria cristata has 
dense panicles ; it is common in dry meadows. Dactglis glorncrata , the Cock’s- 
foot-grass, has dense panicles divided into parts which have longer stalks ; it is 
common in meadows. Poa pratensis , trivialis, etc., are common in meadows; 
their spikelets are compressed laterally; the glumes have a sharp keel; P. 
annua is common by the roadside. Festuca elatior t and others, the Fescue 
Grasses, are common in meadows. Bromus, of which there are several species, 
is common in fields ( B . secalinus ), in meadows ( B . mollis and others), by the 
roadside {B. sterilis % tectorum). Molinia cosrulea has a very long haulm, con- 
sisting for the most part of a single internode ; its spikelets are in loose purplish 
panicles ; it occurs on moors. In Phragmites the axis of the spikelet is covered 
with long silky hairs; Phragmites communis , the Heed, occurs abundantly in 
marshes. 

The upper flowers in the spikelets of plants belonging to this tribe are ofte^ 
unisexual, male ; Phragmites is peculiar in that the lower flower of the spikelet 
is male. 

Tribe 6. Hordeeve. Spikelets solitary, or 2 or 3 together, 1-ormany-fiowered, 
situated in depressions on the main floral axis, forming the so-called »pike : 
glumes 1-2. In Lolium, the Rye-grass (L. perenne is common everywhere), the 
posterior surface (that is, the middle line of the posterior glume) is directed 
towards the main axis, and this glume is usually rudimentary. In all the other 
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geoera the side of the spikelet is directed towards the main axis, and there are 
two glumes. Secale cereale , the Bye, lias 2-flowered spikelets and narrow awl- 
shaped glumes. Triticum, the Wheat, has 3- or more flowered spikelets, with 
ovate glumes: T. repens , the Twitch, is common everywhere; its spreading 
rhizome makes it a troublesome weed. The following species are cultivated ; 
T. vulgar? , the common Wheat, with long glumes, which have no keel, and T. 
turgidum , English Wheat, with short keeled glumes; both these forms have a 
wiry floral axis, and the fruit easily falls out of the glumes: T. Spelta , the 
Spelt, which has an almost quadrangular spike, and T. dicoccum , with a com- 
pact spike, have a brittle floral axis, and the fruit is firmly enclosed by the 
glumes. In all the species the length of the awn varies very much. Braoby- 
podium has shortly-stalked spikelet, and its two glumes differ much in length : 
it is thus distinguished from Triticum. Hordeum, the Barley, lias 3 single- 
flowered spikelets inserted together in one depression on the floral axis. 11. 
murinum is common on the roadside and on walls. The following species are 
cultivated: II. vuUjare and H. hcxastichum, with only fertile spikelets ; in the 
latter species the spikelets are all equally distant, and aro therefore arranged iv 
six rows ; in the former species the median spikelets are nearer together, and 
the lateral ones more distant, so that they are described as being in four rows : 
further, II. distichum is the two-rowed Barley, the lateral spikelets of which 
are male, so that the fruits fere arranged in two rows. The fruit usually adheres 
to the palea. 


Order 2. Cyperacile. The leaves are arranged in three rows 
on the stem ; perianth 0, or of 3-G or more bristles or scales ; the 
embryo is enclosed in the endosperm. 


Tribe 1. Cypcrecc. Spikelets compressed ; flowers hermaphrodite; perianth 0, 
or of bristles : glumes distichous. 

Cypcrus, the Galingale, has many-flowered spikelets with deciduous glumes : 
Schoenus, the Bog-rush, has few-flowered (1-4) spikelets with persistent glumes, 
C. UmguB and f uncus, and S. nigricans , occur in England. Cgperus l\ipyrus is 
an Egyptian species from which the Papyrus of the ancients was made. 

Tribe 2. Scirpea. Spikelets cylindrical ; flowers hermaphrodite ; perianth 0, 


or of bristles: glumes imbricate on 
all sides. 

The spikelets are often arranged so 
as to form spikes, panicles, umbels, 
or capitula ; the flower has the for- 
mula A' 3, C3, AS + 0 or 3, G(2). 

Scirpus, the Club-rush, has a bristly 
perianth ; in some species the spike- 
lets aro solitary, as in Scirpus ccespi- 
tonus, in others there are lateral 
spikelets in addition on short stalks, 
as in S. lacustris (the true Bulrush), or 
on long stalks, as in S. sylvaticus. 
(Cotton-grass) are common on moors ; 
ing, grow to a considerable length. 



Fig. 173.— Flower of Scirpus (magnified) : 
p the bristly perianth ; a the three stamens ; 
/ the ovary. B Its floral diagram. 


Eriophorum pohjstachion and others 
tha hairs of the perianth, after flower- 
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Tribe 3. Cariceot. Spikelets cylindrical ; flowers unisexual ; perianth 0. 

The Caricese have diclinous flowers with this peculiarity, tha ie ma e 
female flowers differ in their structure. The male flowers have the fermula A 
CO 43 + 0, GO ; they are situated in the axils of bracts (glumes) (Fig. t 
D) and form simple spikes. The female flowers have the formula At 60. 
AO + 0, OB or S and are not sessile in the axils of the bracts (glumes) (b in 
Fie 174 A and C), but a short branch springs from the axil of each of these 
leaves bearing a single bracteole (. in Fig 174) and it is in the axil of this 
bracteolc that the female flower, which consists of a tnmerous or moic iaiel> 
dimerous ovary, is situated. The bracteole (* in Fig. 174 A and C) increases 
greatly and invests the fruit, forming the so-called utriculus : this structure is 
often ‘regarded as a perianth, and is termed the pcrUvjninm. In Elyaa and 
Kobresia the bracteole is not tubular, and therefore does not completely invest 

the ovary. . . . .. 

The Genus Carex, the Sedge, contains numerous species which grow mostly 
in damp localities ; they have stiff leaves with sharp or saw-like edges, but only 

a few of them are dioecious : iu most the 
male aud female inflorescences occur on 
the same axis. In one large section of 
them the two sexes occur on the same spike 
which is cither wale at tho baso ami 
female at the top, or vice versa. When 
this is the case the axis bears either only 
one terminal spike, as in Carex pulicaris 
and C. paucijlora, or several spikes forming 
a capitulum at the apex, as in C. pseudo - 
cyperus , or a spike or a panicle, as in C. 
muricata and paniculata. In the second 
section, on the other hand, each spike is 
unisexual, and then the male spike is 
almost always terminal on the axis and 
the female lateral, as in Carex acuta , 
ylauca , pracox, diyitata, Jlava , and pulu- 
dusa . 



Fig. 174. — Flower of Carex (maj?.). 
A Female flower with (f/> bract 
(tflnme) ; a bracteole ; /ovarj ; n stigma. 
J? Male flower: st the three stamens; 
a anthers. C Diagram of the female 
and (D) of the male flower: r axis of 
the spike; b bract; s bracteole. 


Cohort 2. Restiales. Ovary often inultilocular ; ovule ortho- 
tropous and suspended ; hence in the seed the radicle of the embryo 
is directed away from the hilum ( enantiublastic ). Flowers unisexual, 
rarely hermaphrodite, with bracts : floral formula Ji3, 03, .43 + 3, 
0(3), but occasionally" some of the members are wanting. 

Order 1. Eriocaulone^e. Flowers unisexual, in capitula, often 
monoecious in the same capitulum, or rarely dioecious: stamens 
generally in two whorls, anthers generally bilocular: seed ribbed. 

Eriocaulon septangulare, the Pipewort, occurs in tho Hebrides and on the 
west coast of Ireland. 
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Order 2. Rertiacej:. Flowers usually unisexual, dioecious, and 
in spikes : not more than one whorl of stamens is present, anthers 
generally unilocular : seed smooth or tubercled. 

These are grass-like plants all living in the southern hemisphere. This order 
includes the group Centrolepidefe (Desvauxiacero Lindl .) ; in these the perianth 
is much reduced, the male flower probably has only one stamen, and the female 
only one carpel. 


SUB-CLASS II. PETALOIDEiE. 

Flowers hermaphrodite, rarely unisexual ; perianth never wanting, 
usually biseriate, the members of at least one series usually 
petaloid. 

SEI1IES I. IIYrOGYN^E. 

Ovary superior. 

Sub-scrips. A pocarpcv. 

Gymccinm usually apocarpous. 

Cohort I. Alismales. Marsh or water plants; flowers some- 
times unisexual ; seeds without endosperm. 

Order 1. Juxcagixe.e. Flo were sometimes dioecious ; both peri- 
anth-whorls are sepaloid and inconspicuous ; anthers extrorse; 
carpels sometimes coherent ; the outer whorl of carpels is occasion- 
ally abortive; ovules 1-2, anatropous, embryo straight. 

Trifjlochin palustre , the Arrow- grass, is common in marshes and on the 
margin of pools: carpels coherent till mature. The flowers are disposed spirally 
in a long loose spike without bracts. Scheuchzeria jxilustris is rarer ; it occurs 
in bogs ; the flowers are set in the axils of distichous bracts : carpels free. 



Order 2. Altsmaceas. Flowers sometimes monoecious; floral 
formula K3, 03, A 3 2 + 0 or 3, or oo, (73 + 3 or oo ; the outer periantli- 
wliorl, which is sepaloid, is often coherent at the base ; the inner 
whorl is petaloid, white or violet; anthers extrorse or introrse ; 
carpels sometimes partially coherent ; ovules 1-3, campylotropous, 
embryo curved. 
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Sub-order 2. Melanthieas or Colchice.®, with a septicidal capsule, nsually 
extrorse anthers, and separate styles. 

Tofieldia palustris has ensiform radical leaves; the flowers, which are pale 
green, are disposed in a raceme on a scape ; it occurs in the north of England, 



Fto. 170. — The underground pnrfc of a flowering plant of Colchicnm nutumnale. A Spcn in 
front ; k the corm ; s' s" catnphyllarv leaves embracing the flower-stalk ; voh its base, from 
which proceed the roots, w. B Longitudinal section : h h a brown membrane which en- 
velops all the underground parts of the plant ; at, the flower and loaf-stalk of the previous 
year which has died down, its swollen basal portion (7c) only remaining as a reservoir of food- 
materials for the new plant now in flower. Tho new plant is a lateral shoot from the base 
of the corm (7c), consisting of the axis, from tho base of which proceed the roots (to), and the 
middle part of which (k') swells up in the next year into a corm, the old corm (fc) disappear- 
ing ; the axis bears the sheath-leaves (s «' «") and the foliage-leaves (V l ") ; the flowers (b b') 
are placed in the axils of tho uppermost foliage-leaves, the axis itself terminating amongst 
the flowers. (After Sachs.) 

in wet places on mountains, but it is rare. Veratrum album and nigrum have 
broad ovate leaves. Colchicum autumnale is the Autumn Crocus : when it is 
flowering in the autumn, the stem is underground ; it is at this time short and 
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filender (Fig. 179 k *), attached laterally to thecorm of the previous year’s growth 
(k), anti bears a few imperfectly developed leaves ( l ' l") as well as one or two 
flow’ers (b' b ") : the ovaries of the flowers are also subterranean ; the six leaves 
of the perianth cohere and form a tube of somo centimetres in length, which 
grows far beyond the ovaries and above the surface of the soil, terminating in a 
petaloid six-partite limb ; the stamens are attached in the upper portion of the 
tube. In the spring the underground stem swells at its base ( k ') into a corm, 
and grows upwards, so that the developing leaves (V l") and the capsule rise 
above ground ; a lateral shoot is formed at its base, which, in the autumn, 
produces flowers, and this repeats the process. 

Sub-order 3. Asparagines. The fruit is a berry ; anthers introrse ; styles 
united or distinct ; in the flower the parts are sometimes in twos or fours, 
instead of in threes. 

Dracaena Draco , the Dragon-tree, has a stem which grows in thickness ; it is 
a native of the Canary Isles. Asparagus officinalis is the Asparagus ; the young 
shoots, which spring from the under- 
ground rhizome, are eaten. Convatlaria 
majalis is the Lily of the Valley. Mai- 
anthcmum bifolium has a dimerous flower. 

The species of Smilax are creeping shrubs, 
the leaves of which have reticulated vena- 
tion. Ruscus aculeatus (the Butcher’s 
Broom), and other species, are small 
shrubs, with leaf-life branches (pliyllo- 
clades), on which the diclinous flowers 
are borne in the axils of minute leaves. 

Paris quadrifolia (Herb Paris) is poison- 
ous : the flowers are tetramerous, or 
exceptionally trimerons or pentamerous : p IO> iso.— Diagram of the flower of 



they are terminal, and the stem beneath 
bears four (or three or five) leaves in a 
whorl beneath the flower (Fig. 180) ; the 
venation of tho leaves is reticulate. 


Paris quadrifolia : l the foliage-loaves; ap 
the outer; ip the inner whorl of tho peri- 
anth ; an outer ; ta inner whorl of stamens. 
(After Sachs.) 


Order 2. Juncaceje. Floral formula, Ja3, CS , A3 + 3, G { * } . 
Plants of a grass- like aspect ; they differ from the preceding order 
in the dry and ghimaceous character of the perianth. The leaves 
are linear or tubular ; the inflorescence is an anthela (see p. 214). 

The species of Luzula, which has a unilocular three-seeded ovary, multi flora , 
pilosa , campcstris , and sylvaticu , are common in woods and on heaths. J uncus 
has a trilocular many-seeded ovary ; plants of this genus are called Bushes ; 
J. glancus and eff'usus have a tubular stem and leaves, and a terminal in- 
florescence which is displaced laterally by a tubular bract which appears to bo 
a prolongation of the stom ; they are common in wet fields ; J. bufonius , by 
waysides. 

Order 3. Pontederiaceji. Wator-plants of tropical America, 
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with a zygomorphic pctaloid perianth: in other respects they 
resemble the Liliacece. 


SERIES II. EPIGYN M. 

Ovary inferior. 

Cohort 1 . Hydrales. Order 1 . HYDROcnAitiDACE^:. The flowers 
have a perianth, the inner whorl being petaloid, and usually conform 
to the monocotyledonous type, but with multiplication in the androe- 
cium and gynoecium ; formula Tv 3, 03, A3 + 3 -f, G (3 + The 
flowers are usually dioecious the female flowers have staminodia ; 
the male flowers have no gynoecium but an increased number of 
whorls in the androecium. The seed has no endosperm. Water- 
plants. 

Tribe 1. Hydrillecc. Ovary unilocular. Stem elongated, with whorls of 
small leaves. 

Elodea ( A nacharis ) canadensis came originally from North America, and has 
spread in our waters so as even to impede navigation in canals. 

Tribe 2. Vallisneriece. Ovary unilocular. Stem short, with crowded 
leaves. 

VaUisneria spiralis inhabits the lakes and ditches of the warmer parts of 
Europe. The leaves are long, narrow, and linear. The female flowers are raised 
above water on long peduncles ; the male inflorescences break away from their 
peduncles and float about on the water to fertilise the female flowers ; the fruit 
ripens under water. 

Tribe 3. Stratiotidece. Ovary 6- (or more) chambered. Stem short, with 
crowded leaves. 

Stratiotes aloides (Water Soldier) has stiff narrow leaves. Ilydrocharis 
Morsus Jlana (Frog’s bit) is dioecious ; the plant is small and floats on the 
water, with small roundly-cordate leaves. 

Cohort 2. Dioscorales. Flowers regular: floral formula Ii3, 
(73, A3 + 3, 6 r ( .jj : fruit a berry or a capsule. 

Order 1. Dioscorej;. The ovary is trilocular, with one or two 
ovules in each loculus : the flowers are dioecious. They are 
climbing plants, with large above- or underground tubers, and 
usually triangular leaves, with reticulate venation. 

Dioscorca sativa , Batatas and others, known as Yams, are largely cultivated 
in the tropics as a food rich in starch. Tamus communis , the Black Bryony, is 
common in England. 

Order 2. Taccacej:. The ovary is unilocular and many-seeded. 
The flowers are hermaphrodite. They are tropical herbs, and the 
leaves which spring from the subterranean rhizome havo reticulated 
venation. 
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Order 3. Bromeliace^. 7i3, 03,^43 + 3, G (3). The ovaiy is 
superior, inferior, or semi-inferior, tril ocular, with many seeds 
The segments of the calyx are sepaloid, those of the corolla petaloid. 
The leaves are usually long and narrow, sharply serrate ; the stem 
is generally very short. The flowers are hermaphrodite, and form 
spikes or panicles with bracts. 

Anannssa saliva (Ananas, Pine-apple). The fruit is a berry, and the berries 
of each inflorescence coalesce into a spurious fruit (sorosis), above which the 
axis of the inflorescence extends and bears a crown of leaves. In a state of 
cultivation the berries contain no seeds. It is a native of America, and is culti- 
vated in all warm countries and in hot-houses. 

Cohort 3. Amomales (Scitaminero) The flowers are zygo- 
morphic or asymmetrical: general formula, \i/ 7v3, (73, A3 + 3, G-^, 
occasionally with a great reduction in the androccium. Perianth 
wholly petaloid, or the calyx may be sepaloid ; ovary trilocular. 
Fruit, a capsule or a berry. Usually no endosperm, but abundant 
perisperm. They are tall herbaceous plants ; the leaves are large 
and have pinnate venation. 

Order 1. Musace.e. \k A3, (73, A3 + 2, G - ( Perianth petaloid, 
irregular; the anterior external member is usually very large, and 
the posterior always very small; in Musa the five anterior members 
of the perianth are connate, forming a tube which is open pos- 
teriorly : the posterior stamen is sterile or absent, and the others are 
not always fertile. The sub-family of Heliconieoo differs from this 
type in the structure of the flower. They are all shrubs of colossal 
growth, with enormously long leaves : the flowers are usually ar- 
ranged in spicate inflorescences in the axils of large and often 
coloured bracts; sometimes several flowers spring from the axil of 
one bract. 

-A • If 


Fig. 181.— Piagrmn of flower of Musa. Fig. 182. — Dingram of the flower of Zingi- 

boracea). .A Heilyehium. Ji Alpiniu. 

Musa paradisiaca (Plantain), M. Sapientium (Banana), and M. Ensete are 
natives of the tropics of tho Old World; tlie two former are now distributed 
throughout America and applied to a great variety of purposes ; the fruit, which 
is of the nature of a berry, is an article of food, and the fibro-vascular bundles 
are used for making textile fabrios. 
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Order 2. Ztngtrerace 2E. q/ X3, <73, A + 3 + 1 f 2, G-®. Perianth 
zygom Orphic. The three enter staminodes are connate, forming a 
leaf-like three-lohed body, the htbellum , the anterior median lobe 
being much the largest. Of the inner whorl of stamens the posterior 
alone bears a perfect anther, the other two being transformed into 
small glandular bodies. The flower of Alpinia (Pig. 182 B) differs 
somewhat from this type in its structure. There is a small amount 
of endosperm in the seed, in a depression in the perisperm. 

The starch which is prepared from the rhizome of Curcuma angustifolia and 
leucorrhiza is known in commerce as East Indian arrowroot. 


Order 3. Marantacej: or 
2, (r-ja). The andrcecium is 



Fro. 183. — Flower of Cavna indica. (nat. 
size) : / inferior ovary; pa the outer; pi the 
inner whorl of the perianth ; g style ; st the 
fertile stamen, with (arr) the anther; l label- 
lum ; a and the two staminodia. (After 
Eichler.) 

Seeds very small, without endos 


N T ACEA3. \l/ K3, (73, A f 1 or 2 + If 
resented by a number of petal oid 
bodies, of which one only, the pos- 
terior stamen of the inner whorl, 
bears a unilocular anther (Fig. 
183 st an) ; of the staminodia one 
is larger than the others, and is 
reflexed, forming a labcllum (Fig. 
183 l) ; the narrow ones vary in 
number in tbe different species 
(Fig. 183 a and /3 ). 

Caima indica and other species are 
commonly grown as ornamental plants. 

A my lum Maranta , the starchy meal 
prepared from the rhizome of Maranta 
arundivaeea , is true or West Indian 
arrowroot. 

Cohort 4. Orchidales. Flowers 
zygomorpliic, reduced in the an- 
droecium which is adherent to the 
gynoecium : perianth petaloid. 
Formula, \]/ K3, (73, A1 + 2, G m . 
perm or perisperm ; the embryo a 


minute undifferentiated mass of cells. 


Order 1. ORcnu)EJ5. The flowers of most of the genera have the 
formula \1/ KS, C3, A 1 -f + 2, G^: those of Cypripedium, however, 
have the formula \|/ K3, (73, A f 1 + 2, G-® (Fig. 184 A , B). In 
consequence of torsion of the ovary the flower is generally so placed 
that the posterior side of the flower, instead of being uppermost, as 
is usually the case, comes to lie interiorly (resupinate) . The pos- 
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terior segment -(petal) of the inner whorl, called the hibellum (Fig 
185, sec also Fig. 155 l ), is always larger than the others, and varies 
greatly m form ; it frequently has a spur (Fig. 185 sp) or a sac- 
shaped cavity (Fig. 155). The filaments of the three stamens 
adhere to the three styles ; they together form the gynostemium 
(Fig. 155 S, Fig. 187 B and G gs). The fertile stamen hears a 
bilocular anther which, by the absorption of the septum often ap- 
pears to be unilocular, and in rare cases is quadrilocular ; the other 
two members of the andrcecium are staminodia (Fig. 155 x) and 
sometimes are only represented as small tooth-like prominences 
(Fig. 184). In some genera the pollen-grains are separate from 
each other, in others they occur in groups of four (tetrads), and in 
the majority they are united into a mass which fills an entire 
pollen-sac (Fig. 185 p, 155 p). In the latter case pollination 
is always effected by the agency of insects; the two pollen-masses 



Fig. 181 . — Diagram of Orchidaceous 
flowers. A Tho usual type, K Cypri- 
pedium; the shadod stamens aro stamin- 
odia. 



Fig. 185. — Flower of Orchis mascula (2x): 
f the twisted ovary ; o a a the three outer 
perianth leaves; i i two of the inner ; l the 
third inner perianth leaf, the labellum, with 
(sp) the spur ; n stigma ; p pollen-sacs. 


( pollinia ) become attached to the proboscis of the insect by means 
of a sticky part of the stigma, the rostellum (Fig. 155 h ), and are 
conveyed to another flower on the stigma of which they are de- 
posited. In many foreign forms these arrangements for cross-fer 
tilisation are much more complicated. The ovary is unilocular ; it 
contains numerous anatropous parietal ovules. 

The indigenous species have underground rhizomes or tubers. 
Two tubers are usually present : the older one, which, at the time 
of flowering, becomes flaccid (Fig. 186 A and 1), 1), throws up the 
flowering scape (Fig. 186 s) or, in young plants, a short under- 
ground stem which produces only leaves above ground. At the 
upper end of this tuber another much firmer tuber is formed (Fig. 
186, 2), bearing at its apex the bud of the next year’s stem ( K ). 
The tuber is to be regarded as a lateral bud which coalesces with 
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its first root (or more than one, Fig. 186 B) and tlii'n increases in 
size. The lower end of an undivided tuber, as well as the ends of 
palmate tubers , has, in the young state at least , the same structure 
as the apex of a true root. 



Fio. 186. — Tubers (A) of Orchis morio ; B of Oymnadeni a cunopsea : s the peduncle ; 1 this 
year’s tuber j 2 next year’s tuber; k the bud ; to and w' roots (nat. size). 

Orchis Morio , and militaris nave round or oval tubers (Fig. 180 A), 0. 

latifolia and incarnata have palmate tubers 
running out into roots (Fig. 186 B) ; they 
occur in damp meadows. Gymnadenia 
conopsea has long spikes of flowers and 
palmate tubers ; it occurs in woods and on 
heaths. Ophrys mu sc if era, apifera, and 
aranifera have flowers resembling insects ; 
they occur, but are not common, on chalk 
pastures. Ceplialanthera rubra, Epipactis 
latifolia, and others, have creeping rhizomes ; 
they are found in woods. Corallorrhiza 
innata has a coral-like, branched, under- 
ground rhizome, with no roots. Epipogium 
Gmelini has likewise no roots; both these 
forms are devoid of chlorophyll, and grow on 
humus in forests. Neottia Nidus-avis also 
is without chlorophyll, and lives on humus 
in woods; it has a fleshy rhizome thickly 
beset with roots which grow in a tangled 
mass like a bird’s nest. Cypripedium Cal- 
ceolus, the Lady’s Slipper, grows in moun- 
two fertile stamens ; 8 st&ininode ; n tain-woods ; it has a creeping rhizome and 
stigma. (After Sachs. broad ovate leaves ; the perianth is of a 

reddish-brown colour, except the labellum, 
which is yellow, and forms an inflated sac. The whole structure of the flower 



Fig. 187.— Flower of Cypripedium 
Calceolus : p p the leaves of the peri- 
Hnth have been cut away. A Side 
view. B Back view. C Front viewj 
f ovary ; gs gynostemium ; a a the 
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ii unlike that above described as typical for most of the genera; the two 
stamens, which in other genera are reduced to staminodia, are fertile (Fig. 187, 
a, a, and comp. Fig. 184), and the anterior stamen, which in most cases is the 
only fertile one, is here a large staminode (Fig. 187 s). 

A still greater variety of forms is found among the tropical genera and species, 
which for the most part grow upon trees (epiphytic) and throw out large aerial 
roots. Vanilla planifolia and other species have a long pod-like fruit which is 
well known for its perfume and flavour, as Vanilla. Vanda, Oncidium, Phajus, 
and other genera are extenshely cultivated in hothouses for their beautiful and 
often fragrant flowers. 

Cohort 5. Narcissales. Flowers regular or zygomorphic: not 
less than three stamens in the androecinm : perianth petaloid : seeds 
with endosperm. 

Order 1. Amaryllide2E. KS, (73, A3 + 3, or 12 to 18, G®. The 
liovver is occasionally zygomorphic and narrowly funnel-shaped : 
anthers introrse. The fruit is usually a trilocular loculicidal 


capsule, sometimes a berry. 

Alstroemeria has a leafy stem 
and the habit of the Lily. The 
other genera have a very short, 
sometimes bulbous stem, and a 
long floral axis. Amaryllis for - 
mosa is an ornamental plant, 
with large tubular funnel-shaped, 
unequally toothed flowers. Ga- 
lanthu8 nivalis is the Snowdrop ; 
Leucojum vernum t the Snow- 
flake. Narcissus pscudo-Narcissus 
(the Daffodil), poeticus , and 
other species are favourite garden 
plants. The liguloe of the six 
segments of the perianth cohere 
to form the tubular corona. 
Agave amcricana, commonly 
known as the false Aloe, is a 
native :>f Mexico, but has been 
naturalized in Southern Europe. 
The short stem bears a large 
rosette of very thick and prickly 
leaves ; when it has attained a 
sufficient vigour — in Southern 
Europe, after from ten to twenty 
years — it throws up an axis of 
some yards in length, which 
branches very much, and bears 
A large number of flowers, which 



S 


Fig. 188. — Diagram of the flower of Iris, and view 
of the same after the removal of the perianth : a 
peduncle ; / inferior ovary ; r tubular portion of the 
perianth; pa the insertion of the outer, pi of the 
inner leaves of the perianth ; st stamens ; o author ; 
n n n the three petaloid stigmas (nat. size). 


are arranged somewhat in the form of a pyramid. 
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Order 2. Iridejb. ICS, CS , A3 + 0, G m . The flower is some, 
times zygomorphic : anthers extrorse : the fruit is a tril ocular 
loculicidal capsule. 

Iris, the Flag, has a horizontal underground rhizome, which throws up 
leaves which are expanded in their median plane, and scapes which bear the 
flowers. The stigmas assume a petaloid aspect, and b>; their concave outer 
surfaces cover over the stamens which are opposite to and below them (Fig. 
188 ). 

Iris p'xmil «, germanica , and others are favourite garden plants. J. pscudacorus , 
the Yellow Flag, is common in ditches. Gladiolus has an underground bulbous 
stem and a tall, many-flowered scape ; the flowers are usually zygomorphic ; 
G. communis ( illyricus ) occurs wild in England. Crocus, from which saffron 
is obtained, has an underground corm, from which grows a very short under- 
ground stem ; this bears the leaves which rise above the ground, and terminates 
in a flower, the ovary of which is subterranean : the tube of the perianth spreads 
out above the ground into a 6ix-partite limb, at the base of which the three 
6tamens are inserted. 


Class X. — DICOTYLEDONS. 

The embryo has two opposite cotyledons ; the endosperm is frequently 
absorbed before the seed is ripe. 

The ripe seed sometimes contains a large mass of endosperm and 
a small embryo, as in the Umbelliferae and Euphorbiacea? ; fre- 
quently the embryo is relatively large and the endosperm occupies 
only a small space, as in the Labiatce ; or, finally, the endosperm 
may be wholly wanting, and then the embryo fills the whole cavity 
of the testa, as in the Horse-chestnut, the Leguminosa?, and the 
Com posit OB. 

The embryo usually has distinct members, consisting of an axis 
and two opposite cotyledons ; in rare cases, e.y., Corydalis, only 
one cotyledon is present, or abnormally three may occur, as is 
occasionally the case in the Oak and Almond. The cotyledons 
usually constitute the greater portion of the embryo, as in the 
Lcguminosae (Fig. 189 A c) and the Horse-chestnut, where they 
are thick and fleshy. The stem ( caulicle ) bears at its apex above 
the cotyledons either a bud consisting of several leaves (plumule), 
as in Vicia (Fig. 189 Kn), or it is naked. In parasites and sapro- 
phytes which are devoid of chlorophyll, and which have very small 
seeds, such as Pyrola and Orobanche, the embryo is quite undiffer- 
entiated, and it consists of only a small number of cells. 

On germination, after the testa is ruptured, the hypocotyledonary 
portion of the axis elongates so as to push the root out of the seed ; 
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tho root immediately begins to grow rapidly and attains a consider- 
able length (Fig. 189 B h ), whilst the remainder of the embryo is 
still contained in the seed. The cotyledons may either remain 
enclosed in the seed during the whole process of germination, and 
perish so soon as the nutritious substances contained in them have 
been absorbed by the plant (e.y., Horse-chestnut and Vicia, Fig. 
189), their petioles at the same time elongating so that the plumule, 
which at first is bent inwards, is pushed out and subsequently be- 



Fig. 189. — ViciaFaba, tho Bean. A Seed with one of Fig. 190. — Seedling of the Maple 
the cotyledons removed ; c the remaining cotyledon ; (nat. Bize) : c c tho cotyledons ; kn 

ir radicle; kn plumulo; s tosta. B Germinating seed ; the plumule; he the hypocoty- 

s testa ; l a portion of the testa torn away ; n hilum ; ledonary portion of the axis ; w 

st petiole of one of the cotyledons; k curved epi- primary root; h root-hairs, (tho 

cotylcdounry portion of the axis ; he the very short lower part is cut off), 
hypocotyledonary portion of the axis ; h the primary 
root ; us its apex ; kn bud in the uxil of one of the 
cotyledons. 

comes erect ; or, as is more generally the case, the cotyledons escape 
from the testa (Fig. 190), become green, and act as the first leaves 
of the young plant. 

The axis of the embryo frequently persists as the main axis o> 
the plant, which grows in length and produces numerous lesn> 
vigorous lateral shoots; but it often happens that some of these 

K 



arrangements by means of which the life of the individual is trans- 
ferred to new lateral shoots ; such as the formation of rhizomes, 
runners, tubers, and sometimes of bulbs, on sterns and roots. 
When the axis of the embryo continues to be the main axis of the 
plant, the primary root also developes greatly, and forms a tap-root 
from which the lateral roots grow in acropetal succession ; in cases 
in which the growth in length of the tap-root is limited, numerous 
adventitious roots spring from its older portions; these may again 
give rise to lateral roots, and by a repetition of this process an 
elaborate root- system is formed. 

The fibro- vascular bundles of the stem are almost always open, 
and the growth in thickness of the stem is effected by the activity 
of the cambium-ring which is formed (§ 26). In certain cases, 
there are, in addition to these fibro- vascular bundles which together 
form a ring, other isolated bundles which traverse the stem longi- 
tudinally, as in Begonia and Aral ia ; even more complicated modi- 
fications in the arrangement of the bundles occur in Piperacea*, 
Sapindacem, Mcnispcrmacea\ Phytolacca, etc. 

The branching of the stern is invariably monopodial (§ 6) and 
almost always axillary. Those cases in which, as, for instance, in the 
racemes of the Cruciform, the bracts are suppressed, are obviously 
not exceptions to this rule. 

The leaves exhibit infinite variety both in their relative position 
and in their form. The foliage-leaves almost always consist of 
petiole and blade ; sheaths which surround the sterns are com- 
paratively rare, but stipules, on the contrary, arc very common. 
Branching or segmentation of the leaves is common and is frequently 
indicated by the incision of the margin. The venation of the leaves 
is characterized by the presence of a large number of veins which 
project on the under surface, except in thick fleshy leaves, and 
which frequently anastomose ; a midrib is almost always present, 
giving off lateral branches to right and left. 

The flowers, when they are lateral, are usually furnished wiih 
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two bracteoles : they differ very considerably in their structure 
ind cannot be referred to any one type. The following are the 
principal forms : 

1. In a considerable number the perianth, which is simple, and 
the androecium are isomerous, consisting of four, five, or six mem- 
bers ; their arrangement is either spiral (?-), or whorled so that the 
stamens are always superposed on the leaves of tlie perianth ; the 
latter are all similar and aro sepal oid. Formula P5 | AS, or Pn 
+ n, An + n, where n = 2 or 3. This structure prevails in somo 
of the Monochlamydeao (Urticales, A mental es, Quernales). 

2. In a second group, all the parts of the flower are arranged in 
a continuous spiral : the perianth may consist only of a calyx, or a 
corolla may be developed in place of the external stamens ; when 
this is the case it alternates with the calyx, provided that it is 
isomerous with it, as in most Ranales. 

3. With these two types are connected by many intermediate 
forms those flowers in which the biseriate perianth and the stamens 
are in whorls; their formula is Tvn, Cn, An + n, where n usually -- 
5 or 4. This is the most common type of the structure of the 
flower ; it occurs in most Polypet aim and Gamopet alre ; it may be 
modified either by the suppression of one (usually the inner) 
whorl of stamens, or by their multiplication, their branching, or 
their cohesion, or by the suppression of the corolla. 

4. Finally, there remain certain flowers which cannot he directly 
referred to either of the above types, and they must therefore 
be left unexplained for the present, and the relationships of their 
families must remain uncertain. 

The sub-divisions in which the Dicotyledons are arranged in the 
following classification are especially characterized by peculiarities 
in the structure of the flower. It is impossible, however, to draw 
sharp distinctions between the sub-divisions, the orders, and some- 
times <*ven between the families, for the position of a plant in the 
system depends not upon any one character, but upon the aggrr gate 
of its characters. 
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SUB- CLASS I. 

MON 0 C H L AM Y D E RE. 

series 

I. llYI’OGYNCE. 

Cohort 1. Piperales. 

Cohort 5. Daphnales. 

Order 1. Pi mac i:.e 

Order 1. Thymeljeace.*. 

Cohort 2. Urticales. 

„ 2. El.eagnacejl. 

Order 1. Uiiticeje. 

„ 3. Protkaceje. 

„ 2. Morej:. 

„ 4. La urine a-:. 

„ 3. Cannabinkje. 

„ 5. Myristiceje. 

4. Ulmacea-:. 

Cohort G. Chenopodiales. 

„ 5. Prataneje. 

Order 1. Cjienopodiacejs 

„ G. Cekatopiiylleje. 

rj 2. Am A RANT AC EAl. 

Cohort 3. Amentales. 

„ 3. Phytolaccacea; 

Order 1. Betulacejs. 

„ 4. Nyctaginea:. 

„ 2. Myricaces;. 

„ 5. POLYGONEiE. 

„ 3. Casual* in e a:. 

Cohort 7. Nepenthales. 

„ 4. Salicineje. 

Order 1. Nepenthe a:. 

Cohort 4. Euphorbiales. 

Order 1. Edpho educed. 

„ 2. Buxine a:. 

SE1UES 

IL EPIGYNJ2. 

Cohort 1. Quernales. 

Cohort 3. Santalales. 

Order 1. Jug landed. 

Order 1. Santalacea;. 

„ 2. CoRYLACEAS. 

„ 2. Loranthaceac. 

„ 3. Cui’ULIFEIUS. 

Cohort 2. Asarales. 

„ 3. Balanobiiore^. 

Order 1. Aristolochieal 
» 2. Cytinacejs. 

SUB-CLASS II. G AMO PETALS. 

SERIES 

. HYPOGYNiE. 

Cohort 1. Lamiales. 

Cohort 2. Personales. 

Order 1. Labiate. 

Order 1. SCROFIIULARINEAi 

„ 2. Verbexaceas. 

„ 2. Bignonjlaceas. 

»t 3. Globulariej:. 

„ 3. ACANTHACEiE. 

w 4. PLANTAGINEi. 

» 4. Gesneraceas. 

„ 5. OlJOBANCIIEAi. 

„ 6. LENTIBUrARIE«! 
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Cohorts. Polemoniales. 

Cohort r>. Ebenales. 

Order 1. Convolvulacejs. 

Order 1. Sapotex. 

, t 2. Cuscutex. 

„ 2. Ebexaceje. 

M 3. POLEMONTACEX. 

„ 3. Styracex. 

„ 4. SoEAXACEX. 

Cohort G. Primulales. 

„ 0. BoPAGIXEX (As- 

Order 1. Pthmulacf.e. 

petjifolle). 

„ 2. Myrsixex. 

Cohort 4. Gentianales. 

„ 3. Pi.UMBAGIXE.fi. 

Order 1. G extiaxf.x. 

Cohort 7. Ericales. 

„ 2. Loganiace.e. 

Order 1. Ehjcacf.e. 

„ 3. Apocyxk.e. 

„ 2. E PACK I BEX. 

„ 4. Ascbepiape.e. 

„ 3. BirOPORACE.E 

„ 5. Oleace.e. 

„ 4. Pyrolacex. 

„ G. Jasmine.*:. 

„ 5. Moxqtkope.%, 

T , G. Vaccixiex. 

SEETF.S IT. 

IlPIGYX.L. 

Cohort !. Campanales. 

Cohort 3. Rubiales. 

Order 1. Cam pane lac e.e. 

Order 1. Rurtaok.f. 

„ 2. Lobeltacex. 

Cohort 2. Asterales. 

Order 1. Valkeianile 

2. Dtppacex. 

„ 3. Composite. 

„ 2. Caprifoliacil*:. 

SUB-CLASS 111. 

POLYP ETAL^fi. 

8EBIES I. C ALT C1FL0ILE . 

Cohort 1. Umbellales. 

Cohort 4. Myrtales. 

Order !. U m bell ike ile. 

Order 1. Oxagkacile. 

„ 2. Araliacex. 

„ 2. Lytjtearie.e. 

„ 3. COIINACKAS. 

„ 3. Myrtacex. 

Cohort 2. Ficoidales. 

„ 4. Rtiizopiiokacl.s. 

Order 1. Cactex. 

Cohort 5. Rosales. 

„ 2. Aizoace.e (Kico- 

Order 1. Rosacex. 

idex). 

„ 2. Lfgumixos.e. 

Cohort 3. Passiflorales. 

„ 3. Crassulacex. 

Order 1. Passiflokace.e. 

„ 4. Saxtfragacex. 

„ 2. PAPAYACEXL 

„ 5. Dkoseracex. 

„ 3. Begoniacex. 

„ G. Hamameltpex. 

„ 4. CuCURBITACl £. 

„ 7. Haloragipejs. 

„ 8. Hippurtdile. 

„ 0. Callitriciiixe.c. 
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SERIES n. 

DISCIFLORdE. 

Cohort 1. Sapindales. 

Cohort 4. Geraniales. 

Order 1. Sapindacejb. 

Order 1. Gekanlaceas. 

„ 2. Acerineje. 

„ 2. Lineal 

„ 3. Teuebinthaceje 

„ 3. Erytiiroxyleac. 

(Anacarihace 

„ 4. OxAUDE.E. 

„ 4. Staphyleacre. 

„ 5. Balsaminea:. 

Cohort 2. Celastrales. 

„ G. Troileolka:. 

Order ]. CelastrinevE. 

„ 7. Zygophyllejs. 

„ 2. Riiamxk/E. 

„ 8. RUTACEJS. 

„ 3. AilPELlDEiE. 

„ 9. Meliacea:. 

Cohort 3. Olacales. 

„ jo. SlMARUIJEiE. 

Order 1. Ilicixeje (Aqui- 

„ 11. Bu user ace a:. 

foliaceje) . 


„ 2. Uupetreje. 


SERIES III. T II ATi AMIF LOR M . 

Coliort 1. Malvales. 

Cohort 5. Parietales. 

Order 1. Tiliaceje. 

Order 1. Papaveracea:. 

„ 2. StEHCTLIACEJS. 

„ 2. Fumauiace.e. 

„ 3. Malvaceae 

„ 3. CnUCIFEHiE. 

Cohort 2. Guttiferales. 

„ 4. Capparidea:. 

Order I. Hypericin ejs. 

„ l). Resedacea:. 

„ 2. Elatineac. 

„ 0. ClSTINEAi. 

„ 3. Teknstiuemiack.e. 

„ 7. BlXACEAL 

„ 4. Clusiaceas (Guj- 

„ 8. Violator a:. 

tifera;). 

„ 9. Saukaceniacejc. 

„ 5 . Dipt E i {oca upe as. 

Cohort G. Ranales. 

Cohort 3. Caryophyllinae. 

Order I. Ranunculacea:. 

Order 1. Cakyopiiyllace.e. 

„ 2. Magnoliacea:. 

„ 2. Portulacacej:. 

„ 3. CALYCANTHACEJi. 

„ 3. Tamariscineae. 

„ 4. Nymph A fiAOE/P. 

Cohort 4. Polygalinae. 

„ 5. Menispermace.e. 

Order 1. Polygalace^:. 

„ G. Berderidea:. 

„ 2. PlTTOSPOREAS. 


SUB-CLASS I. MONOCHLAMYDEZE. 

The flowers usually have a simple sepaloid perianth, or it maj 
t* absent ; they are usually diclinous. 
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SElilES 1. HYPOGYtwE. 

Ovary superior. 

Cohort l. Piperales. The flowers are usually hermaphrodite, 
md they are arranged in a spike or a spadix, with bracts ; perianth 
usually absent. Ovule orthotropous, solitary, basal, or suspended; 
in rare eases there are several parietal ovules. The embryo is 
small and lies imbedded in endosperm, in a depression of the abun- 
dant perisperm. 

Order Piperacks. Ovary unilocular, r , 

with a single orthotropous, erect, central HKjvA ^ 

ovule. The inflorescence is a long spadix, f \ 

with peltate subtending bracts (Fig- 191/, Y ' 

below), in the axils of which the flowers are 
situated. The flower consists only of an t ! 

ovary (Fig. 101 f, above) and six, three, or t/ : | 

sometimes two stamens ; the fruit is a berry. 

Piper it iff rum is a climbing shrub belonging to BHL. ' d 

the East Indies; the unripe dried fruits are black Fig. 191.— Part of the spa- 
pepper; white pepper consists of the ripe fruits of fli x of Piperomia, with a 

the same plant, which, after maceration, are freed fl(nvcr: { (below) the sub 
. tending bract; s « the tw<> 

from their outer coat. stamens; / (above), ovary ; h 

Ooliort 2. Urticales. Flowers usually “^oftiw.pwiixf™#.) 
diclinous, in inflorescences of various forms : perianth usually pre- 
sent, simple, sepaloid, consisting of five or four (2 + 2) segments; 
stamens opposite to the segments of the j- 

perianth excepting in the Plataneoe (Order A 

5) ; ovary monomerous, usually unilocular, TvSr 
a second rudimentary carpel being usually 
present in the form of a second style ; ovule 
solitary, in different positions Seed com- 

monly containing endosperm. The inflor- 7 \ \\ / 

escences in Orders 1-3 are usually situated [y \ N 

two together at the base of a modified shoot _ „ 

n t m Fig. 192.— 1 urt of the su-m 

which springs from the axil of a leaf, and „r uviioi wens, with a leuf (/!, 

they are cvniose (Fig. 192). Idle leaves in the axil ot which is the 

J branch (m^ t at the base of 

are generally hirsute. which are tho inflorescences 

Order 1. IJ irriCK.E. Ovule central, ortho- flO. without any bracts (nat. 
tropous, erect. Seed containing endosperm hue ^’ 

They are mostly herbs or shrubs without milky juice and fre- 
quently provided with stinging-hairs : leaves alternate, stipulate. 
Flowers polygamous, monoecious, or dioecious, in paniculate oi 
glomeru 1 ate i n florescences. 


flower : / (below) the sub 
tending bract; s « the t\v>» 
stamens; / (above), ovary ; h 
surface of the spadix (mag.) 


Fig. 192. — Part of the st"m 
of Urtica wrens, with a leaf (/), 
in the axil of which is the 
branch (in'), at the base of 
which are tho inflorescences 
(l>), without any bracts (nat. 
si/e). 
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Urtica urens and dioica (Stinging Nettles) are known by the stinging haH 
which are distributed over their whole surface : tho two outer segments of tl « 
perianth of the female flower are larger than the inner segments (Fig. 193 ]i). 

In the former species the male and female 
flowers arc contained in the same panicle, and 
the floral axis is but feebly developed ; in the 
latter they are on different plants, and tho axis 
is well developed and bears leaves. Bbhmcriu 
nivea , a native of China and Japan, has strong 
bast-fibres used for weaving the material known 
in England as Grass-cloth. Parietoria crectu , 
having polygamous flowers with a gamophyl- 
lous perianth, and destitute of stinging-hairs, 
occurs occasionally on walls, by roadsides, etc. 

Order 2. More.e. Ovule suspended, 
auatropous or campy lotropous, more 
rarely basal and orHiotropous : seed with or without endosperm; 
the fruit is enveloped by the perianth, which becomes fleshy, or by 
a fleshy floral axis. Trees and slirubs with milky juice, scattered 
leaves and deciduous stipules. 



Fig. 103. — A Alnle ; B female 
flowers of the Stinging Nettle, 
’Trtica: p perianth; a stamen; n 
rudimentary ovary of the male 
flower; ap outer; ip inner whorl 
of the perianth ; n stigma of the 
female flower (mag.). 


Morns alba and nigra (Mulberry) com '3 from Asia; the flowers are disposed 
in short catkins ; the catkins are borne singly on shoots which, at the time of 
flowering, are still buds, and they contain flowers of one sox only (but the 
dowers are monoecious) ; the female flowers give rise, as ripening takes place, 
to a spurious fruit (sorosis), consisting of spurious drupes formed by tlie 
uerianths. The leaves, particularly of the former species, are the food of the 
silk-worm. Bromsonetia papyriferia (Paper Mulberry) has flowers like the 
preceding, hut they are dioecious. The bark is made into paper in China and 
Japan. Maclura tinctoria , in Central America, yields 
Fustic, a dye. Ficus Carica is the Fig-tree of Southern 
Europe; the fig itself (termed a sycomis) is the deeply 
concave axis of the inflorescence, on the inner surface 
of which the flowers and subsequently the fruits, in 
the form of hard grains (achenes), are borne (Fig. 194 
mf ) ; the cavity is closed above by small bracts (Fig 
194 b). Ficus clastica is the Indian-rubber tree ; it b 
frequently cultivated in rooms. F. rdigiosa and other 
East Indian species yield Caoutchouc, which is their 
inspissated milky juice (latex). Arlocarpns incisa is 
the Bread-fruit tree of the South Sea Islands ; the large 
spurious fruit (sorosis) of this tree is roasted and eaten 
as bread. Galactodendron utile , the Cow-tree of 
Columbia, has a nutritious latex, while that of Antiant 
toxicaria (Java) is poisonous. 

Order 3 . Canxaiunej;. Ovule suspended, campylotropouF. 



Fig. 191. — Longitudinal 
section of a Fig (nat. size): 
a a fleshy axis of the in- 
florescence ; f female ; rn 
male flowers ; b bracts. 
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Flowers dioecious, in pnnicled inflorescences. The ma’e flowers 
(Fig. 195 A) have a 5-partite perianth and 5 short stamens; the 
female flowers have a tubular entire perianth (Fig. 195 B ]>) 
enclosed in a bract (Fig. 195 B d). 3 , n 

Herbs with decussate leaves — at \; 11 k * A \ 

least the lower ones — and per- $ l( jflw \ f 

sistcnt stipules; devoid of latex. 

Cannabis saliva, the IIemp,is a native of j /f 

Asia, cultivated throughout Europe. The n il h / jjrAv * 

male inflorescences are panicled dichasia [} 

or scorpioid cymes, and are disposed on 

both sides of a rudimentary shoot at the Fl °- i&V-X Malt fl avor of the Hr.p: p 

apex of the plant ; the female flowers are 11,0 P erianth ; a stamei18 - * Female 
.... . , ... flower: j) perianth; f ovary, with two 

placed singly on both sides of a similar sligmnR (n) . cacll flower is enclosed in its 

shoot, which hears secondary shoots in bract (d); s scale, i.e., one of the two sti- 
the axils of its leaves, each having two pulos, from the common axil of which the 
flowers. The tough bast-fibres are used branch bearing the flowers springs, 
in weaving and for ropes; the seeds contain a great deal of oil. I Tumulus 
Lvpulus, the Hop, is both cultivated and found wild. The stem, which has 
the peculiarity of twining to the right, hears its leaves in pairs, each of which 
has two pairs of membranous stipules. In the inflorescence the bracts are 
placed singly, and are finally represented only by their stipules. In the female 
inflorescence, which has the appearance of a fir-cone, a rudimentary shoot is 
present in the axil of each pair of stipules whioh bears two flowers on each side; 
it seems at first sight as if two flowers were developed in the axil of each stipule 
(Fig. 195 7>). All the bracts are covered, especially on the upper surface, with 
numerous yellow glands. In the male inflorescence the shoot which hears the 
flowers is well developed. 


Order 4. TJlmace.e. Ovule suspended and so 
mostly hcrmaplirodito, with a 4-G-partite 
perianth (Fig. 196 A), Woody plants devoid /j 
of milky juice: leaves alternate, with decidu- W 
ous stipules. The inflorescences (glomerules ) J v 
are borne directly in the axils of the leaves. a' 


Flowers 



In the genus TJlmus the hermaphrodite flowers F|R ]()0 _ A Flovver G f 
are fascicled in the axils of the leaves of the previous m mus campestris (mag.) : <1 
year, and they are invested by bud-scales; one or bract; p perianth; a stamens, 
more flowers are developed in the axil of the inner- r> Frlllt (samara) (nat. size) : 
most scale before the opening of the leaves. The JJ 1 e m l) mn ° u a margin 
ovary is bilocular. The fruit is a samara, that is, an 

achene with a broad membranous wing (Fig. 190 J>). The leaves are alternate, 
and always oblique. The annual shoots have no terminal bud, and so they form 
a sympodium. Two species of Elm are indigenous in England. TJlmus campes - 
trig , the common Elm, and Ulmus montana y the YVych or Mountain Elm : the 


m membranous margin 
(wing). 

The leaves are alternate, 
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former lias ratlier slender branches, leaves with distinct petioles and serrate 
margins, somewhat narrow at the base, and a seed which is above the centre of 
the samara ; the latter has thick horizontally spreading branches, leaves with 
very short petioles and doubly serrate margins, broad at the base, and a seed 
which is central in the samara. Celtis australis, from Southern Europe, and G. 
occidentalis, from North America, are often cultivated as ornamental trees; 
their flowers are polygamous, and they are placed singly or several together 
in the axils of the oblique acuminate leaves ; the ovary is unilocular: the fruit is 
a drupe. 

Order 5. Platanejs. The diclinous flowers are arranged in 
glomcrules borne laterally oil pendulous brancdies. In the male 
glomerules a number of stamens are present together with scales 
which probably' represent the several perianths: in the female 
glomerules there are similar scales among ■which, are the unilocular 
ovaries, each containing a single suspended orthotropous ovule. 
They are trees destitute of latex, having scattered leaves and per- 
sistent sheathing stipules. 

Vlatanus occidental ^ , from North America, with throe-lobed leaves, and 
P. oriental ^ , from the East, with usually five-lobcd leaves, which are often 
cuneiform at the base, are frequently cultivated (especially the former). The 
smooth hark, which is shed in flakes, is very remarkable. The Plane may be 
at once distinguished from the Maples, which resemble it a good deal in the 
form of the leaf, by the scattered arrangement of the leaves. 

Order 6 . Clilvtophylleje. Submerged water- weeds of doubtful 
affinity, with whorled, sessile leaves diehotomously divided and 
subdivided ; in the axils of some of these the diclinous monoecious 
flowers occur. The male flowers consist of from 6-1*2 perianth- 
leaves and about as many stamens; the female flowers have a 
similar perianth and a unilocular ovary with a single suspended 
orthotropous ovule. 

Ceratoplujllum demersum and submersum occur submerged in ponds and 
ditches. 

Cohort 3. Amentales. The flowers, which are always dicli- 
nous and generally monoecious, are arranged in catkins (amenta). 
The perianth, when it is present, consists of five, four (Le., twice 
two), or six (/.<?., twice three) segments; the stamens are generally 
superposed on the segments of the perianth. The ovary is usually 
superior, di- or tri-merous, with numerous ovules. The fruit (with 
the exception of Order 4, the Salicinea?) becomes by abortion one- 
seeded, and is indehiscent ; the seed has no endosperm. The 
(lowers are furnished with bracts which often form investments 
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for the fruit : tlicir arrangement in tlie first three families is a? 
follows: in the axil of a primary scaly bract (the primary bracts 
being arranged spirally in the amentum) is a flower ( h ) with two 
brnoteoles a and /?, in the axil of each of which is another flower 
with two more bracteolcs a and ft (Fig. 107). They are trees 
and shrubs. 

Order 1. Betulaci^e. The flowers are monoecious, but in dif- 
ferent catkins. The female flowers have no perianth : the ovary 
is bilocular, with two ovules: the fruit is one-seeded, indehiscent, 
without any investment : the primary' bract is coherent with the 
two or four bracteolcs (the bracteoles a are always absent) to form 
a three or five-lobed scale, which does not adhere to the fruit. 


o 



nf flowers in a typical amentaceous 
plant; d primary bract; b the 
median flower, with the secondary 
bracts (bracteolcs), a and b' b'' 
the two lateral flowers, with the 
tertiary bracts, and 



Fig. IDS . — A Scale from a male catkin of 
Alnus incuna : the axillary brunch adheres to 
the scale (s), it hears four bracteoles and three 
flowers: two of the flowers arc seen laterally 
( b ' V), the median one from above ; p perianth ; 
a stamens. i> Scalo (&•) of a female catkin of 
the same plant : its axillary branch bears two 
lateral branches, each of which bears two 
bracteoles (v v) and one flower ; / the ovary ; 
7i tho stigmas (magnified and diagrammatic). 


Alnus, tho Aider, lu tlie male amenta three flowers with four bracteoles 
occur in tlie axil of tho primary bract, each flower having a perianth of four 
segments and four unbranched stamens. In the female amenta the median 
flower is absent; the four bracteoles coalesce with the primary bract (Fig. 198 
Ji v s) to form a five-lobed woody scale which persists after tlie fall of the fruit 
which is not winged. The male catkins are borne terminally, and the female 
laterally on the highest lateral branch, on the shoots of the previous year ; they 
are not enclosed by bud-scales during the winter, and blossoming takes place 
before the opening of the leaves. The leaves have usually a £ arrangement ; in 
A. incuna, tho white Alder, the leaves are acuminate and gray on the under 
surface*, in A. ghitino.su, the black or common Alder, they are obovate or even 
emarginate and green on both surfaces. In Alnus viridis , tho mountain Alder, 
the male catkins only are destitute of bud- scales in the winter. 

Betula, tho Birch. In the catkins of both sexes the three flowers have only 
the bracteoles a and jS. In the male flowers the perianth is usually incomplete, 
and there are only two stamens, the filaments of which are forked. In tin 
female catkins, the two bracteoles cohere with the primary bract to form a 
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three-lobed scale which Ulls off together with the winged fruit. The male cat- 
kins are borne terminally on the shoots of the previous year, and are not 
covered with bud-scales during the winter; the female catkins are borne ter- 
minally on lateral dwarf-shoots, which have only a few leaves, and they are 
enclosed by bud-scales during the winter ; as a consequence, flowering takes 
place after the unfolding of the leaves. The shoots of successive years form 
sympodia, and the leaves are arranged spirally. B. verrucosa has white glands 
on the leaves and young shoots ; B. pubescent has no glands, hut the shoots are 
hairy ; it is a northern form ; B. fmtlcosa and B. nana are shrubs occurring in 
high latitudes ; B. alba is the common Birch. 

Order 2. Mtricace;e. Trees or shrubs ; the flowers, which are 
diclinous and sometimes dioecious, nre arranged in catkins; a 
perianth may be present or absent, when present it is scnly. The 
ovary is dimerous and unilocular, with one erect orthotropous 
ovule. 

Mt/rica Gale , the Bog-Myrtle, is a shrub occurring on moors. M. cerifera , 
belonging to North America, secretes a quantity of wax on its fruits. 

Order 3. Casuatunilt:. Trees having somewhat the appearance of 
Horse-tails (Equisctuin), with long channelled internodes and leaves 
forming a toothed sheath. The flowers are in unisexual catkins ; 
the male flowers consist of a single stamen and two perianth leaves, 
the female of a unilocular ovary invested by two bracteoles, which, 
when ripe, are hard and woody; the whole female catkin then 
resembles a pine-cone. 

Several species of Casuarina are indigenous in Australia. 

Order 4. Salictne F. The dioecious flowers are arranged in 
amenta, and they are borne in the axils of the bracts without any 
bracteoles. The perianth is represented 
by a disc or a scale. The ovary is di- 
merous and unilocular, and contains a 
number of parietal ovules. The dehis- 
cence of the fruit is loculicidal ; the 
seeds arc furnished with a pencil of silky 
hairs at their bases. The catkins are 
developed at the ends of lateral dwarf- 
shoots which always bear scales or even 
a few foliage-leaves. 

Salix, the Willow, has entire bracts, one or more nectaries (glands) in each 
flower, and usually two stamens, entire shortly-stalked leaves, and its winter- 
huds are covered by a scale which is formed by the coalescence of two. The 
shoots, which grow throughout the summer, die down yearly. Some species, 



Fig. lfly. — .4 Male; B female 
flower of Salix ; <i bract ; h disc ; 
a stamens ; / ovary ; n stigmas 
(enlarged). 
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inch as S . alba, frag ilis, and babylonica, the Weeping Willow, have pendulous 
branches, and are arborescent ; most of them are shrubby, and some, such as 
S. reticulata , rctusa , and herbacea are small decumbent shrubs occurring in the 
Alps and in high latitudes. In S. purpurea and incana the two stamens are 
connate : S . triandra has three stamens. Most of the species grow on the banks 
of rivers ; S. aurita and caprcea in forests, and S. repens and others on moors. 

Fopulus, the Poplar, has toothed or lobed bracts, a discoid perianth, and 
numerous (4-BO) stamens ; the leaves are often lobed and have long petioles ; 
the winter-buds are enclosed by a number of scales ; the shoots have a terminal 
bud. In the Section Leuce the young shoots aro pubescent, and the bud3 
are not viscid; the male flowers have usually only from 4-8 stamens, and the 
stigmas have 2-4 lobes : to this section belong P. alba , the White Poplar or 
Abele, with five-lobed leaves on the elongated shoots, which are woolly beneath ; 
and P. tremula, the Aspen, with sinuate-serrate leaves, glabrous beneath, which 
are versatile on the long slender and compressed petiole, and which are there- 
fore very readily set in motion by the wind. In the Section Aigeiros, the 
young shoots are glabrous and the buds viscid ; the bracts are glabrous, and the 
number of stamens is usually from 15-30 ; the stigmas are entire or shortly 
lobed: to this section belong P. nigra , the Black Poplar, and a variety with 
erect branches, the Lombardy Poplar ; of the latter, only male individuals are 
usually cultivated. 

Cohort 4. Euphorbiales. Flowers usually diclinous; the 
perianth sometimes consists of calyx and corolla, sometimes it 
is simple, and occasionally it is absent : 
the ovary is usually triiocular, with 
one or two anatropous and generally 
suspended ovules in each loculus ; the 
seed contains endosperm : the structure 
of the flowers is very various. The affi- 
nities of the group are not accurately 
known. 

Order 1. Eupiiordiaceje. The fruit is 
usually dry and dehiscent, splitting sep- 
ticidally into cocci. Tho micropyle of 
the solitary suspended ovule is directed 

ceuce of a Euphorbia: b b bracts 

outwards. They are plants ot very in the axils of which are the 

various habit and floral structure, and flower buds (fc«); v is the invo- 
, . lucre of the cyathium; dr the 

they mostly contain milky juice. glands ; 0 the mule 1IowerS; g 

The genus Euphorbia has cymose tho pedicel of the female flower 
umbels or dichasia, the branches of which n ^ stlgmas ( eular £ ec1 )- 
terminate in what were formerly regarded as herniaphrodito 
flowers, but are really inflorescences, each one being termed a 
cyathium. The cyathium consists of a tubular involucre (Fig 
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200 p), between the five lobes of which glandular appendages, often 
of a semilunar form, are situated (Fig. 200 dr). Within ibis in- 
volucre are numerous male flowers in five groups, each of which 
consists of a single stamen (Fig. 200 a) and is terminal on a long 
pedicel, and one female flower (Fig. 200 g\ consisting of a trb 
locular ovary (Fig. 200 /), at the base of which an indication of s. 
perianth may in some cases be detected. That the cyathium is nr. 
inflorescence and not a single floAver is most clearly visible in some 
foreign genera (Monotaxis), in which a perianth is distinctly de- 
veloped round each stamen. There is a single o\ r ule in each loculus 
of the trilocular ovary: the seed has a peculiar appendage termed 
a caruncle . 

In Mercurialis the inflorescence is racemose : the male flowers have 
a threc-lcavcd perianth and numerous stamens ; the female flowers 
have a similar perianth and a bilocular ovary. The juice is not milky. 

Rieinus bears its monoecious flowers in a compound inflorescence, 
in which the male floAvers are placed beloAv and the female flowers 
above. The perianth is simple and five-Jobed, the stamens numer- 
ous and much branched (Fig. 142). 

Of Euphorbia, the Spurge, a number of species are annual herbs, as E. Peplua 
and hclioacopia (the common Sun Spurge) occurring in gardens and by road- 
sides ; some South European forms are small shrubs, as E. dendroid™ and 
fruticosa. In Africa and the Canary Islands the genus is represented by species 
which much resemble Cactea; in appearance; their stems are thick and cylindri- 
cal or angular or sometimes spherical, producing small leaves which usually 
soon fall off. Mercurialis annua and perennis (Dog's Mercury) are weeds ; the 
first common in cultivated ground, the second in woods ; their flowers are 
dioecious. JUcinus communis (the Castor-oil plant) is a native of Africa, now 
frequently cultivated. Some species of Phyllanthus have phylloid branches 
which bear their small flowers in the axils of minute bristle-like leaves situated 
in indentations at the edge of the phylloclaue. Manihot utilmima , a South 
American plant, yields the starchy meal known in commerce as tapioca. From 
Siphonia elastica , a species growing in Central America, most of the caoutchouc 
is obtained. 

Order 2. Buxines. The micropjde of the suspended ovule is 
directed inAvards. Flowers monoecious, in glomerules, in which the 
terminal floAver is usually female and the lateral ones male. Male 
flowers with a simple 4-leaved perianth and four superposed 
stamens ; the female with a trilocular ovary : tAvo ovules in each 
loculus: fruit a capsule, with loculicidal dehiscence. For the most 
part shrubs devoid of milky juice. 

P.nxus sempervirens , the Bax. is an evergreen shrub oT S mthcra Europe ; itm 
*-ood is valuable. 
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Cohort 5. Daphnales. Flowers hermaphrodite or unisexual, 
actinomorpliic, 4 or 5-merous : perianth simple or biseriate ; in the 
latter case the corolla is usually suppressed : stamens typically in 
two whorls, perigynous : ovary monomerous, with usually a single 
nnatropous ovule inserted on the floor of a hollow receptacle : 
embryo straight. 

Order 1 . Tiiymkljiacf.is. Flowers hermaphrodite; calyx and 
receptacle pet.aloid, with a 4-lobcd limb ; corolla suppressed, or 
represenled by small scales : ihe four stamens opposite to the sepals 
are inserted higher on the tube of the calyx than the four which 
are opposite to the petals (Fig. 201) : ovule suspended; fruit a 
berry : seeds without endosperm. 

Daphne Mczereon is common in woods; the usually 3-flowered inflorescences 
arc borne in the axils of the foliage leaves of the previous year, and they bloom 
before thfc development of the leaves of the same year. 



Fir,. L’Ol . — Calyx of the flower of 
T)at>li no Mezereon laid open (x 6): o 
the four superior ; it the four inferior 
stamens, adnate to the calyx. 



Fig. 202.— Hermaphrodite flower of EL* 
agnusfusca. A In longitudinal section, f? 
Floral diagram (tho calyx is erroneously 
placed diagonally, instead of medio-lateral 
ly) ; d disc (enlarged.) (After Sachs.) 


Order 2. Fl.eagnace.e. Flowers diclinous or polygamous, 4 or 2- 
mcrous ; the corolla is suppressed : the stamens opposite to the 
sepals are sometimes wanting (Fig. 202 ]>) ; a disc (Fig. 202 d, il) 
usually closes the receptacle : fruit an aclione, surrounded by the 
receptacle or by the whole perianth: ovule basal: seeds with small 
endosperm : the leaves are covered, especially on the under surface, 
with scaly hairs. 

Ilippophac rhamnoides , the Sea Buckthorn, is a shrub which is sometimes 
common on the hanks of streams: the smaller branches mostly terminate in a 
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tliorn ; the flowers are dioecious and dimerous ; when the fruit is ripe the calyx 
is of an orange colour. Ela?agnus has tetramerous polygamous flowers (lig. 
202) ; it is commonly cultivated. 

Order 3. Proteaceje. Affinities doubtful. Flowers hermnphro- 
dite ; the very short stamens are superposed on the four segments 
of the simple perianth, and are adnate to them (big- 203 U ) : when 
the flower opens, the tube of the perianth often becomes still more 
deeply cleft : the ovary is usually borne upon a prolongation of the 
axis (Fig. 203 C , gp): ovules one or more, ascending: seeds with- 
out endosperm. 

Protea, Grcvillea, Manglesia, and others occur mostly in South Africa and in 
Australia. 




Fig. 203.— Flower of Manglesia glabrata. A lie- 
fore opening. B Open ; p segment of the perianth : Fig. 201. — Stamen of Laurus. A 

t ■ anther j n stigma. C Ovary below, in longi- Anthers opened, a a ; d d the valves; 
iudinal section ; gp gynophore. I) Transverse sec- b 1 glandular appendages. Diagram of 
tion of the ovary. E Ripo fruit. (After Sachs.) Cinnamomum. 

Order 4. Lauiune.e. Flowers hermaphrodite or polygamous, 
cyclic, usually trimerous (dimerous in Laurus) ; perianth simple, 
sepaloid, in two whorls; stamens 12, in four whorls; the anthers 
open by 2 or 4 valves, sometimes introrsc, sometimes extrorsc ; 
the filaments have glandular appendages (Fig. 204 bb ). Ovary 
trimerous (drawn as monomerous in Fig. 204), unilocular with 
one suspended ovule, two of the three carpels being abortive. 
Fruit a berry or a drupe. Seed devoid of endosperm. 

These are usually evergreen shrubs with coriaceous leaves ; a few, as Cassytlia, 
are parasites resembling the Dodder in habit. 

Order 5. Myristice m. Flowers diclinous, cyclic ; perianth simple, 
gamophyllous, 3-lobed. Stamens 3-18 coherent into one bundle. 
Ovary monomerous, with one basal ovule: fruit s fleshy two- val veil 
capsule : seed with endosperm. 
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M grist ica moschata , the Nutmeg, is a native of the Moluccas. The seed is 
invested by an arillus, an integument which is developed after fertilisation ; it 
has a netted or laciniate appearance (Fig. 205 a ) ; it is known in commerce as 
Mace. Seed large, with much endosperm, the surface of which is corrugated ; 
the innermost layer of the brown testa closely follows all the windings, and this 
gives the endosperm a marbled appearance. 


Fig. 206.— Flower of Cheno- 
podium (enlarged) : k peri- 
anth ; a Btamens ; / ovary ; 

Fig. 205.— Fruit of the Nutmeg* n 8t i gma 

tree, Myristica moschata. P Peri- c 

carp, half of it removed ; s the seed ; 
a arillus (nat. size). 

Cohort 6. Chenopodiales. Flowers usually hermaphrodite; 
perianth sepaloid or petaloid ; ovary monomerous or polymerous; 
ovule usually solitary ; embryo coiled or curved. 

Order 1. Cheno podiacej?. Flowers small, united to form a dense 
inflorescence : the bracteolcs are usually suppressed. Stamens 
superposed on the usually 5-lcaved sepaloid perianth (Fig. 206). 
Ovary usually dimerous and unilocular, with a single basal ovule. 
Stipules wanting. 

Chenopodium album , the Goose-foot, and Blittnn ( Chenopodium ) Bonus 
Hcnricus , the All-good, are common weeds on garden ground and waste land. 
Spinacia oleracea is Spinach, cultivated as a vegetable. Beta vulgaris is culti- 
vated under the var. Cicla (Mangold). B. altissima is the species used in the 
manufacture of sugar, and B. rubra is the red Beetroot. Salsula , the Salt-wort, 
and its allies, with fleshy stems and leaves, are conspicuous in the vegetation of 
the sea-shore. 

Order 2. Amarantacej:. The flowers have the same structure as 
those of the preceding family : they have usually bracteoles which 
are frequently petaloid : ovary unilocular, probably polymerous : 
ovule solitary and basal, hut in some cases the ovules are numerous. 
Stipules absent. The flowers usually form dense inflorescences. 

Species of Amarantus and Celosia (Cock’s comb), the latter having a won- 
etrous floral axis, are well known as ornamental plants. 




5 
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Order 3. Phytolaccaceas. The flowers have a simple, generally 
5-leaved perianth which is often petaloid, and two whorls of 
stamens; the number of the stamens is in many cases doubled 
(Fig. 207) . the number of carpels varies 
very much; when the ovary is polymerous 
it is mul til ocular, each loculus containing a 
single ascending ovule. Stipules occasionally 
present. 

Phytolacca dccandra , a native of North America, 
is used as a colouring-matter in the manufacture of 
Fig. 207.— Diagram of the w j ne an( j other processes, 
flower of Phytolacca decan- 

dra ’ Order 4. Nyctagine.®. Perianth simple, 

petaloid, gamophyllous, 5-leaved ; stamens in greater or smaller 
numbers; ovary monomerous, unilocular, with one basal anatropous 
ovale ; the terminal flowers are surrounded by an epicalyx, but not 
the lateral ones. 



MirabilU Jalapa , the Marvel of Peru, is an ornamental plant from America; 
the roots are often substituted for those of the true Jalap. 



Order 5. Polygone®. 
The flowers have a simple 
4, 5, or 0-leaved perianth 
which may be either 
sepal oid or petaloid, and 
usually the same number 
of superposed stamens ; 
but occasionally the sta- 
mens are more numerous 
or some of them are sup- 
pressed. Ovary usually 
trimerous, unilocular, with 
a single basal orthotropous 
ovule ; the fruit is fre- 
quently more or less en- 


Fig. 208 . — A Portion of the stem (s) of Polygonum, 
with a leaf (b\ its sheath (r), and the ochrea (o') (nat. 
size). B Flower of Rheum ; k external, c internal 
perianth-whorl ; a the stamens. C Fruit of Rumex, 
enclosed by the inner whorl of the perianth ; « base of 
one of the perianth leaves; It external perianth leaves, 
D Fruit, of Rheum (/); k outer, c inner perianth-whorl 


veloped by the persistent 
perianth. The leaves have 
well - developed sheaths 
(Fig. 208 A v) and connate 
stipules forming an ochrea 


(enlarged). 

braces the stem for some distance 


(Fig. 208 o) which env 
above the leaf-sheath. 
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Rheum, the Rhubarb, lias six (three internal and three external) perianth 
leaves and two whorls of stamens, the outer containing six, and the inner 
three ; liheum undulatum and other species are cultivated, Rumex, the Dock, 
has flowers of similar structure, but the inner whorl of stamens is absent ; the 
triquetrous fruits are completely enveloped by the inner whorl of perianth leaves 
(Fig. 208 c) ; the leaves contain a large quantity of oxalic acid. Polygonum has 
usually five petaloid perianth leaves and a varying number of stamens (5-8) ; 
P. Fagopyrum , the Buckwheat, is cultivated for the sake of its mealy seeds. 

Cohort 7. Nepenthales. Flowers dioecious; perianth simple; 
stamens monadelplious ; ovary 3-4-locular ; ovules indefinite. 

Order 1. Nepenthe*. The lamina of the leaf of Nepenthes has 
a pitcher-like form, and is termed an ascidium ; it is an adaptation 
for the purpose of capturing insects. 

SERIES II. EPIGrYNAS. 

Ovary inferior. 

Cohort 1. Qliernales. Flowers diclinous: ovary 1-6-locuIar; 
ovule 1, basal or suspended : seeds without endosperm. 

Order 1. Juglande*. Flowers monoecious, the two kinds of 
flowers being contained in distinct catkins. Each bract bears in its 
axil a single flower with two 
bracteoles. The ovary is 
dimerous, and encloses a 
single erect ortliotropous 
ovule. The male flowers are 
usually borne on the bract ; 
they may or may not have a 
perianth, and the stamens are 
indefinite (Fig. 209 A ). The 
fruit is drupaceous; the leaves 
are pinnate, and, like the 
flowers, they are aromatic. 

In Juglans the male catkins are borne on the apices of the leafless shoots oi 
the previous year, and the few-flowered female catkins on the apices of th« 
leafy shoots of the same year. The bracteoles of the female flowers (Fig. 209 /) 
grow up around the ovary. The succulent mesocarp is thin, and ruptures 
irregularly ; the hard endocarp opens on germination along the line of junction 
of the two carpels, and then tlie incurved margins of the carpels are seen as 
an incomplete longitudinal septum projecting between the two cotyledons of 
the embryo which is closely invested by the endocarp. J. regia, the Walnut 
Tree, is a native of Southern Europe ; in North America, «/. cinerea and nigra 
occur ; also various species of Carya, the Hickory, remarkable for its very hard 
wood 



Fig. 209 . — A Scale of the male catkin of Juglaiu 
nigra bearing a flower ; j> perianth and bracteoles; 
s stamens ; x axis of the catkin. B Female flower 
of the same plant; l bracteoles; c perianth; n 
stigmas (magnified). 
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Order 2. Coi:ylaci:.e. Flowers monoecious, in male and female 
catkins. The male flowers have no perianth; that of the female 
flower is rudimentary. The ovary is bilocular; one loculus is 
sterile, the other contains two suspended nnntropous ovules : the 
fruit is one-seeded and indehiseent (a nut). Two flowers are borne 
in the axil of the primary bract of the female catkin, the median 
flower being absent. Each fruit is surrounded by a leafy invest- 
ment (cupule) formed by the three brae tool cs (a /?j and ft a 2 P l 
respectively, Fig. 197) of each side. In the male catkin the median 
flower only is developed ; the filaments of the stamens are deeply 
forked. 

In Corylus, the Hazel, the female catkin resembles a bud, since the external 
sterile bracts have the same structure as the bud-scales (Fig. 210 B ) ; tho red 
stigmas project at the top ; the investment of the fruit is irregularly cut ; a 
small projection is formed on the fruit, the nut, by the remains of the perianth. 
Each primary bract of the male amentum bears two bracteoles a and /3, and four 

forked (so apparently eight) stamens 
(Fig. 210.1). Both kinds of amenta 
are placed in the axils of the leaves 
of the previous year, and are not 
enclosed by scales during the winter ; 
hence flowering takes place before the 
unfolding of the leaves. Leaves dis- 
tichous. C. Avellana is the common 
Hazel; C . tubuloaa , with red loaves, 
the Copper Hazel, is cultivated as an 
ornamental shrub. 

In Carpinus, the Hornbeam, the 
fruit has a three-lobed investment ; 
the fruit is ribbed and is surmounted 
by the perianth. The primary bract 
of the male catkin hears 4-10 deeply 
forked stamens; there are no brac- 
teoles. The catkins of both kinds 
are borne at the apex of short leafy 
shoots of the same year, hence 
flowering takes place after the unfolding of the leaves. Leaves distichous. The 
annual shoots form sympodia. C. Betulus has an irregular stem and serrate 
leaves which are folded along the lateral veins. In Ostrya (Southern Europe) 
the investment of the fruit is an open tube. 

Order 3. Cu puli flu/e. Flowers monoecious, with a perianth of 
five or six segments. Ovary trilocular, with two ovules in each 
loculus; ovules anatropous, ascending or suspended: the fruit is 
one-seeded and indehiseent (a nut) ; it is invested by a eupifle 


u 



Fig. 210.— Cori/hia Avellana. A Scale (s) of a 
male catkin, with the stamens (/), and anthers 
(a). Ii Female calkin : the lower scales (.s)hnvc 
no flowers; the stigmas (n) project above. C A 
single female flower surrounded by the invest- 
ment (bracteoles) (c), with two stigmas (n) (mag. 
and ding.). 
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formed probably by the connate bracteoles a x fa a x /3 t (Fig. 197), 
and having its surface covered with scales, prickles, etc. The 
filaments are not forked. 



In Quercus, the Oak, the male catkins are loose; each bract bears a single 
flower in its axil without bracteoles: the perianth is 5-7 lobed, and the stamens 
from 5-10 or indefinite (Fig. 211 a). There is a single flower, the median one. 
in the axil of each bract of the female catkin ; thus the cupule invests only a 
single fruit, forming the so-called cup at its base. The leaves are developed in 
| order near the apices of 
the annual shoots ; the 
annual shoots are always 
apical. The male catkins 
are borne in the axils of 
the uppermost bud-scales 
(pairs of stipules) on both 
long and dwarf shoots of 
the same year, the female 
catkins in the axils of the 
foliage-leaves of the apical 
shoots : flowering takes 
place shortly after the un- 
folding of the leaves. The 
ovules are ascending. The 
cotyledons remain en- 
closed in the testa during 
germination. Quercus Ho - 
bur is the English species, of which there are two varieties, Quercus pedunculate 
and Quercus sessilijlora : the former has elongated female catkins, so that the 
fruits are widely separated from each other, and its pinnately lobed leaves are 
shortly stalked and cordate at the base: the latter has compact female catkins, 
so that the fruits form a cluster, and its leaves have longer petioles, and are 
narrowed at the base. Quercus Suber is the Cork-Oak of Southern Europe. 
There are also several North American species. 

In Fagus, the Beech, the catkins of both kinds have the appearance of stalked 
capitula. The flowers of the male catkin are closely packed ; they have a peri- 
anth of 4-7 segments and 8-12 stamens. The female catkin consists of two 
flowers only, which are invested by a single cupule and by four delicate leaflets. 
The cupule is covered with hard bristles, and when ripe splits into four valves 
to allow the two triquetrous fruits to escape; each fruit hears at its apex a 
brush-like remnant of the perianth. The ovules are suspended. The female 
inflorescences are borne on erect axes in the axils of tlu leaves of the apical 
shoot of the same year, the male on peudulous axes springing from the axils of 
the lower leaves of the shoots. Leaves distichous, approaching each other on 
the under surfaces of the shoots, their axillary buds approaching each other on 
the upper surface: the winter buds are elongated and pointed. The cotyledons 
escape from the seed on germination. Fagus sylvatica is the common Beech, 
a variety with red leaves, the Copper Beech, is very generally cultivated. 


Fig. 211. — Quercus pcduncul.ita. A Male tlower magnified ; 
p perianth; a stamens. It Female tlower magnified; d 
bract; c cupule; p the superior perianth; y the style; n 
the stigma. C The same still more magnified, in longitudi- 
nal section ; / ovary ; s ovules. 
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In Castanea, the edible or Spanish Chestnut, some of the catkins consist at 
their lower part of female flowers and at their upper of male flowers, whilst 
others have only male flowers. In the axil of each bract there are usually 
either seven male or three female flowers ; the latter are invested by the bracteolea 
a and p, and by a cupule formed by the other four bracteoles ; the cupule, which 
is covered with prickles, completely encloses the fruit until it is ripe, when it 
splits into four valves. Both kinds of catkins are formed in the axils of leaves 
of shoots of the same year, the mixed catkins being nearer to the apex than the 
male ones. The ovules are suspended. The leaves are arranged spirally on 
vigorous shoots; they are distichous on the less vigorous lateral shoots. 
C. vulgaris, from Southern Europe, is cultivated in parks; it has undivided 
toothed leaves. 
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Sub-crder 1 . Cytine®. Cytinus Hypocistis is parasitic on the roots of Cistus 
in Southern Europe ; other species occur in America and South Africa. 

Sub-order 2. Hydnore®. Hydnora and others are parasitic on the roots of 
Euphorbia in America and in South Africa. 

Sub-order 3. Kafflesiace®. Rajffle&ia Amoldi is conspicuous for the enormous 
size of its flower ; it is parasitic on the roots of Ampelideffi in the East India 
Islands. 


Cohort 3. Santalales. Parasitic plants: leaves, when present, 
entire: stamens equal in number to the leaves of the perianth and 
superposed upon them ; ovary unilocular ; ovules devoid of integu- 
ment. 

Order 1. SantalaoEjE. Parasites provided with chlorophyll: 
flowers generally hermaphrodite; ovules 1-4, suspended upon a 
free central placenta: perianth 3-5-lobed ; fruit a nut or drupe. 


Thesium linn phi) llum, the Bastard Toad-flax, is an indigenous plant which is 
parasitic on the roots of other plants The leaves are narrow and linear. The 
bracts of tb flowers, which are disposed in racemes, are usually placed high up 
on the petL ds, close under the flowers, and in most of the species constitute 
with the brusteoles a tliree-leaved epicalyx. The stamens are filiform, inserted 
at the base of the lobes of the perianth. The perianth is persistent, remaining 
curled up at the apex of the indehiscent fruit (Fig. 213 D). Satitalum album, 
an East Indian tree, yields Sandal-wood. 



3 . — A Flower; B fruit 
Thesium montanum : f ovary ; 
p perianth ; s stamons ; n stigma 
(enlarged). 



Fig. 214. — A Terminal shoot of a female plant of 
the Mistletoo, Vt-scum album: s stem; b b leaves; k k 
axillary buds; f three fernalo flowers with the fruit 
set. B Male flower (mag.) ; p perianth ; a anthers 
adherent to the loaves of the perianth. 


Order 2. LoRANTHACEiE. Parasites provided with chlorophyll: 
flowers diclinous or hermaphrodite ; ovule erect, adhering to the 
wall of the ovary : perianth of 4, 6, or 8 leaves ; fruit a berry. 

Viscnm album , the Mistletoe, is parasitic on various trees, forming conspicuous 
evergreen bunches. The stem bears a pair of opposite leaves (Fig. 214 b b ), 
from the axils of which new branches spring, each bearing a pair of cataphyllary 
leaves and then a pair of foliage-leaves, while the main axis ceases to grow, oi 
produces , ' <u:minal inflorescence, consisting of three flowers (Fig. 214 h /). 



Order 3. BalaxophORE^. Parasites devoid of chlorophyll and 
without foliage-leaves, with a deformed vegetative body. Flowers 
dioecious or monoecious, in many-flowered inflorescences. The 
female flowers usually consist of a one-seeded ovary: the ovule is 
suspended, and it adheres closely to the ovary. Iho embryo is 
very small. 

Balanophora, Lophophyfcum, and others are Brazilian genera; others inhabit 
troj3ical Africa; Cynomorium coccincum is found in the Mediterranean region. 


SUB-CLASS II. GAMOPETALjE. 

Flowers nsnally hermaphrodite: perianth differentiated ir-to 
calyx and corolla; calyx usually gamosepalous ; corolla generally 
gamopetalous, in some cases it is suppressed. 

SEMES I. HYPOGYNJE. 

Ovary superior (except in Vacciniese) : stamens cpipetalons, or 
free and hypogynous. 

Cohort 1 . Lamiales. Flower pentamorous, usually zygomor- 
phic with median symmetry: corolla usually bilabiate, the two 

posterior petals being 
connate and forming 
a frequently helmet- 
shaped (galeate) pro- 
jecting upper lip, the 
anterior petal, with the 
two lateral petals, form- 
ing the under lip : sta- 
mens epipetalous : the 
posterior stamen is 
usually abortive or ap- 
pears as a staminodo; 
the two lateral stamens 
are generally shorter 
than the two anterior 
ones, so that the flower is didynamous ; tho two median carpels 



Fig. 215. — A Flower of Lamium, side view: 1c calyx ; o 
upper; u under lip. B Flower of Leonurus opened : o 
upper; u divided under lip ; s lateral lobes of the corolla ; 
// shoot; S' f long stamens (mag.). C Ovary ; n aebro- 
nia; g style (mag.). 
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torm a usually bilocular ovary which is sometimes subdivided into 
four loculi : leaves scattered or opposite decussate, exstipulatc : the 
leafy shoots have no terminal flower: the formula is generally 
M/ K (5) (0(5) Ah) fl®. 

Order 1. Labiate. Stamens four, didynamous (Fig. 215 B ) ; 
rarely, as in Salvia and its allies, only the two anterior stamens 
are developed: ovary subdivided into four chambers, as in the 
Boragineoe, which part as the seed ripens into four achaenia (Fig. 
215 C) : style lateral : the ovule in each loculus is solitary and 
erect : seed without endosperm. Herbs with decussate leaves and 
quadrangular stem. The flowers are disposed apparently in whorls 
round the stem, but the inflorescence is in faet made up of com- 
pound cymes or dichasia, termed verticillasters, developed in the 
axil of each of the two opposite leaves. 

Tribe 1. Ocymoidcce. Stamens 4, descending. 

Ocymum Basilicum , the Sweet Basil, from India, and Lavandula, the Lavender 
from Southern Europe, are cultivated as potherbs. 

Tribe 2. Menthoidea. Stamens 4, equal, ascending, divergent : corolla 
almost regular, 4- or 5-lobed. 

Many species of Mentha, Mint, are common. Several species of Coleus, and 
Pogostcmon Patchouli , yielding oil of Patchouli, are cultivated. Lycopus has 
only 2 stamens, the two posterior ones being abortive. 

Tribe 3. Satureinea. Stamens 4, with broad connective, divergent, ascend- 
ing. 

Origanum vnlgare is the Wild Marjoram ; the Sweet Marjoram which is 
cultivated is an exotic species. Thymus Serpyllum is the Wild Thyme ; the 
Garden Thyme is T. vulgaris , from Southern Europe. Satureia hortensis (exotic) 
is the Summer Savory. Various species of Calamintlia (stamens not divergent) 
are common, as also Clinopodium vulgarc (or C. Clinopodium), the Wild Basil. 

Tribe 4. Melissinea. Stamens 4, with narrow connective, divergent. 

Melissa officinalis , the Balm, and Hyssopus, the Hyssop, are cultivated as 
potherbs. 

Tribe 5. Monardece . Stamens 2, ascending : one cell of each anther is either 
wanting or it is widely separated from the other. 

Salvia verbenacea , the Wild Sage, is common, llosmarinus officinalis , the 
common Rosemary, is exotic. 

Tribe G. Nepetea. Stamens 4, ascending ; the posterior two are the 
longer. 

Nepeta C atari a, the Catmint, occurs in hedges ; and Glechoma hederacea , the 
Ground Ivy, is very common. 

Tribe 7. Stachydece. Stamens 4, ascending ; the anterior two are the 
longer : upper lip of corolla usually arched (ringent). 

Lamium album , the Dead-Nettle, and purpureum are very common. Various 
species of Galeopsis, Stachys, Marrubium (Horehound), Ballota, Melittis, and 
Leonurus, are found in England. 
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Tribe 8. Scutellaria. Stamens 4, ascending: calyx closed when the fruit 
is ripe. 

In the genus Scutellaria, the anthers of the anterior pair t>f stamens are 
unilocular; S. galericnlata, the Common Skullcap, and S. mirror , the Lesser 
Skullcap, are common. In the genus Prunella each filament has a small tooth 
below the anthers : 1\ vulgaris is common. 

Tribe 9. Ajugoidece. Stamens 4, ascending; the posterior two are the 
shorter : upper lip of corolla very short. 

Ajuga reptans , the Creeping bugle, and Teucrium Scorodonia , the Wood 
Germander, are common. 

Order 2. Vekbenace,®. Stamens four, didynamous, or two : 
ovary 1 or 2-locnlar, with two ovules in each loculus, or spuriously 
2 or 4-locular in consequence of the presence of false dissepiments, 
with one ovule in each loculus: endosperm small or absent: the 
fruit separates into 2-4 segments (achaenia) : style terminal : leaves 
usually opposite. 

Verbena officinalis, the Vervain, is common on waste ground and roadsides : 
V. Aubletia is a common garden plant. Tectona grandis , the Teak-tree of the 
East Indies, has a hard wood used iu ship -building. 

Order 3. Globularie.®. Stamens four, didynamous : ovary uni- 
locular, with one suspended ovule: style lateral: seed with en- 
dosperm: leaves scattered, inflorescence capitulate. 

Globular ia vulgaris and cordi folia with radical leaves occur here and there 
in dry places on the Continent. 


Order 4. Plantagineje. Flowers aetinomorphic and apparently 
tetramerous, hut the true interpretation of them is deduced from 

those of Veronica : the posterior 
sepal is suppressed, as also the 
posterior stamen ; the two pos- 
terior petals cohere to form an 
upper lip which is quite similar 
to one of the lobes of the 
three-1 obed lower lip ; stamens 
four, the two anterior not being 
suppressed : ovary unilocular or 
spuriously 2-4-loenlar: ovules 
solitary and basal, or numerous : 
fruit a capsule with transverse 
dehiscence, or an achflenium : 

seed with endosperm. 

Plantago lanceolata (Ribwort), major , media , the Plantains, are weeds uni- 
versally distributed. The leaves form a rosette just above the root, and th« 



Fig. 216.— Flower of Plantago: a axis of the 
inflorescence (scape) ; d bract ; k calyx ; c 
corolla; st stamens; n stigma (mag.). In the 
diagram, o is the upper, and u the under lip. 
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long shapes spring from their axils bearing simple spikes (Fig. 216 «, d). In 
P. Cynops , Psyllium , and others, the main stem is elongated : the testa of the 
seed is mucilaginous. In Litorella lac us tr is tho flowers are monoecious ; it 
grows on the bottom of shallow waters : fruit 1-seeded, indeliiscent. 

Cohort 2. Person ales. Flowers pentamerons, zygomorphic, 
with median symmetry: stamens epi petal oils : the posterior stamen 
is usually abortive, or appears as a staminode : carpels 2, median : 
ovules usually indefinite. 

Order 1. Scrophularine 2E. Ovary bilocular, with numerous 
anatropous ovules borne on axiie placenta?: seed with endosperm : 
stamens four, didynamous, often with a rudimentary fifth posterior 
stamen (Fig. 218 1>, st) ; sometimes only the two lateral stamens 
are present ; rarely all five are fertile: general floral formula as in 
Lamiales. 

Sub-order 1. Antirruine^. The posterior petals, forming the upper lip of 
the corolla, are usually outside tho others in the bud (cochlear aestivation). 

In the genus Verbascum, the Mullein, the flower is imperfectly zygomorphic, 
the 5 stamens aro unequal in length (2 long, 3 shortl : V. Thupsus, the Great 



bulariere; o upper; i* under lip. 

Mullein, V. Lychnitis , the Whito Mullein, and V. nigrum , the Dark Mullein, 
occur on banks and waysides. Antirrhinum, the Snapdragon, has a projection 
on the lower lip of the corolla termed the palate ; the corolla is gibbous at the 
base; stamens 4 (Fig. 218 A B) : A. majus , the great Snapdragon, is a well- 
known garden plant. Linaria has a spurred corolla ; stamens 4 : L. vulgaris , 
the yellow Toad-Flax, is common in fields. In Gratiola the two anterior 
stamens are represented by staminodes. Paulnwnia imperial is is an ornamental 
flowering tree from Japan. Many species of Mimulus (Musk), Calceolaria, and 
Pentastemon, are cultivated. 

Sub-order 2. Diiinanthk.e. Corolla with imbricate aestivation. Digitalis 
the Foxglove, has an obliquely campanulate (digitaliform) corolla; stamens 4: 
I). purpurea is common in woods ; the yellow T>. grandijlora is cultivated. 
Scrophularia has a globular corolla; S. nodosa (Figwort) and S. aquatica are 
common. Veronica, tho Speed-well, lias only the 2 lateral stamens, and the 
two lobes of the upper lip of the (rotate) corolla are united ; the posterior lobe 
of the calyx is suppressed (Figs. 218 C, 217 B) : V . Anagallis and V, 
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Beccabunga are common in ditches, V, arvemis , agrestis , serpyllifolia , ana 
others in pastures and fields. 

Pedicularis has a 5-toothed calyx, and the upper lip of the corolla is galeate; 
Euphrasia, the Eyebright, has a 4-toothed calyx, the upper lip of the corolla has 
two spreading or reflexed lobes : Bartsia has a 4-tootlied calyx, the upper lip of 
lh ringent corolla is entire or only notched : Bhinanthus, the Battle, lias a 


c 


Fig. 218. — Flowers of Scrophularinene. A Antirrhinum: k calyx; r tube of the corolla, 
gibbous at the base (h); o upper; u under lip of the corolla ; g prominence of the under lip. 
B Upper lip of the same, seen from within : s the two longer anterior stamens ; s ' the short 
lateral ones; st rudimentary posterior one. C Flower of Veronica: fc calyx; u n u the 
three lobes of the lower lip ; o the lobed upper lip ; s s the two lateral stamens ; n stigma. 

4-toothed inflated calyx: Melampyrum has a 4-toothed tubular calyx, and the 
capsule is few-seeded : all these plants possess chlorophyll, but they are more or 
less parasitic upon the roots of other plants. Lathrcea squamaria does not 
possess chlorophyll ; it is of a pale rose colour, with slightly bluish flowers ; it 
is parasitic on the roots of trees, especially of the Hazel. 

Order 2. Bignoniace®. Stamens generally four, didynamous: 
seeds usually winged, without endosperm. Woody plants or 
climbers. 

Catalpa bignonioides is an ornamental tree from North America. 

Order 3. Acantiiace®. Stamens four, didynamous : ovules few 
on projecting placentae : seed without endosperm. Herbs. 

Acanthus mollis and other species from Southern Europe, are ornamental 
plants. 

Order 4. Gesnerace®:. Stamens usually four, didynamous, or 
sometimes two only: ovary unilocular, with numerous parietal 
ovules. Generally herbs with opposite leaves. 

Columnea Schiedcana t Aehimenes, Ligeria, and others are ornamental plants 
jrom tropical America. 
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Order 5. Orobanche.®. Plants which are parasitic on the roots of 
other plants, destitute of chlorophyll, with scales instead of leaves, 
otherwise similar to the foregoing. 

Orobanchc rubens and cruenta (Broomrapes) on Leguminosro, lucorum on Ber- 
beris, Hederce on Ivy, ramosa on Hemp ; mostly of a brownish or whitish hue. 


Order 6. Lentibularie.®. Only the two anterior stamens are 
developed (Fig. 217 G ) : ovules numerous on a free central 
placenta: seed without endosperm. 


The numerous species of Utiicularia 
are floating water-plants with finely 
divided leaves bearing bladder-like 
appendages which serve to catch small 
aquatic animals (Fig. 219). Binguicuia 
vulgaris and alpina (Butterworts) are 
small plants with rosettes of radical 
leaves growing in damp places. 



Cohort 3. Polemoniales. F, ° 219— Bladders of Utriculana. A 
. . Outside view : s pedicel ; o entrance; i and h 

1 lowers actmomorpllic, or it zygo- bristlj ap p em lage 8 . It Section; v a valve 

morphic, not so in the median opening inwards and preventing the exit of 
, rj , , the imprisoned animal (tnag.j. 

plane : flowers pentamerous : sta- 
mens epipctalons : ovary of two, rarely five, carpels: leaves usually 
scattered and exstipulate : the inflorescence is often eymose, with a 
terminal flower: formula 7i(5) ((7(5) A5) G- to (-). 

Order 1. CoNVOLVULACEiE. Usually two median carpels forming 
a bilocular ovary, with 1-2 anatropous ovules in each loculus : the 
corolla has usually a contorted aestivation, twisted to the right : 
fruit a soptifragal capsule or a berry: seed with endosperm. 
Commonly climbing plants with milky juice. 


Convolvulus arv crisis, the lesser Bindweed, and Calystcgia sepiurn , the larger 
Bindweed, the former with small bracts, the latter with large bracts which invest 
the calyx, are common wild plants. Batatas edulis is cultivated in tropical 
America for its edible tuberous rhizome, the sweet potato. 


Order 2. Cuscute.®. Parasites destitute of chlorophyll, with 
filiform stems, which attach themselves to other plants by means of 
roots, and derive their nourishment from them : the small flowers 
are arranged in fascicles (Fig. 220 h ) : the corolla has imbricate 
{estivation : fruit a capsule with transverse dehiscence. 

Cuscuta europaa , the greater Dodder, which occurs commonly on Nettles and 
Hops, is widely distributed : C. epilinum is the Flax Dodder, and C. cpithymum , 
the lesser Dodder, occurs on various low-growing plants such as Clover, winch 
it often destroys. 
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Order 3. Polemoniacej:. Ovary trimerous and tril ocular, with 
one erect or several oblique ovules in each loculus : capsule loculi- 
cidal. Mostly herbs without milky juice. 

Polemonium coeruleum is Jacob’s ladder ; various species of Phlox are common 
garden plants. 

Order 4. Solanace^:. Ovary consisting of two obliquely placed 
carpels, bilocular, with numerous ovules attached to the septum : 
the septum sometimes projects so far into the cells that the ovary 
appears to be quadril ocular, as in Datura : ovules campy lotropous ; 
fruit a capsule with various dehiscence, or a berry : seed with 
endosperm. Herbs, occasionally woody plants, without milky juice. 
Inflorescence cymose, but complicated by the displacement of the 



Fig. 221 . — A Upper portion of a flowering stem of Atropa Belladonna. B Dingram of the 
Rame stem: 12 3 the flowers; a and the bracteoles and bracts. From the axils of 
spring the new floral axes, along which the bract is displaced. 


bracts. Fig. 221 X>, for instance, is a diagram of the inflorescence 
of Atropa ; the main axis which terminates with the flower 1, bears 
a bracteole la and a lateral shoot terminating in the flower 2 ; this 
springs from the axil of a bract 1/?, which, however, is not inserted 
at the base of its axillary shoot (the point of the arrow indicates 
its proper position), but is displaced upwards until it is close under 
the bracteole 2a; this displacement is repeated throughout the 
whole system of the cyme, so that in Atropa there are always two 
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leaves below each flower, a larger one (Fig. 221 A la, 2a, and so on), 
ivhich is the bracteole of the flower, and a smaller one (Fig. 221 A 
1/?, 2/3, etc.), which is the bract from the axil of which the 
flowering-shoot springs. In other of the Solaneae similar arrange- 
ments are fonnd. Most plants of this order are poisonous. 

Tribe 1. Solanece. Fruit a berry. In the genus Solanum the anthers are 
syngenesious : S. Dulcamara , the Bittersweet or Woody Nightshade, has a blue 
flower, and S. nigrum has a white flower ; both are common : S. tuberosum is 
the Potato-plant. Phy sails Alkekengi , the Winter Cherry, has an inflated red 
calyx which encloses the berry. Ly coper sicum esculentum is the Tomato. The 
fruits of Capsicum longum and annuum are known as Chili Peppers. Atropa 
Belladonna is the Deadly Nightshade ; the anthers are not syngenesious, and 
the corolla is campanulate ; the berries are black and very poisonous. Lycium 
barbarum is a shrub belonging to Southern Europe which has become wild in 
places in the North. 

Tribe 2. Nicotianece. Fruit a 2-valved loculicidal capsule. 

Nicotiana Tabacum is the Tobacco plant (Fig. 138 B). Petunia is commonly 
cultivated. 

Tribe 3. Daturece . Capsule almost quadrilocular in consequence of the out- 
growth of the septum, 4-valved. • 

Datura Stramonium is the Thorn-apple. 


Tribe 4. Ilyoscyamea. Capsule dehisces transversely. 

Hyoscyamus niyer is the common Henbane. 

Order 5. Asperifolt*: (Bo- n m 

ragineas). Ovary consisting u 

of two median carpels, 

spuriously quadrilocular in ^ 

consequence of a constriction ^ \ ' ^SPy 

along the dorsal suture of f ] s «| 

each carpel (Fig. 222 C, r ) : 

the single style arises from j 

the incurved apices of the 

carpels, and is surrounded at „ noo . . , . . .. . 

1 ’ Fm. 222 . — A Flower of Anchusa (slightly mag.) : 

its base by the four loculi Jc calyx; c corolla; b the scaly appendages. B 

(Fig. 222 B)\ each loculus Fruit of Myosotis (mag.) : t the receptacle ; m m 
v ° ' the four aclirema ; g the style. C Diagram of the 

Contains a single suspended quadrilocular ovary in trans. section .- r the dor- 
anatropous ovule: when the sal sutures; pp the placentas; » the ovules. 

fruit is ripe the loculi separate completely, and appear to be four 
achoenia : seed without endosperm : the corolla usually has four 
scaly ligular appendages at the junction of the limb with the tube 
(Fig. 222 h) : inflorescence cymose, scorpioid and often very com- 
plicated. Herbs or .shrubs generally covered with harsh hairs ond 
only rarely glabrous, e.y., Myosotis p alustru. 
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Sub-order 1 . Ehretoide^e. Style at the apex of the ovary. 

Eeliotropium peruvianum , a well-known garden plant with fragrant flowers. 

Sub-order 2. Boraginoideje. Style inserted between the four loculi. 

Myosotis is the Scorpion -grass ; M. palustris , the Forget-me-not, occurs in 
damp places, M. sylvatica in woods, and M. arvensis and others in fields. 
Lithospermum arvense (Gromwell), L. officinale , Echium vulgarc (Viper’s Bugloss), 
Lycopsis arvensis (Common Bugloss), Cynoglossum officinale (Ilound’s-tongue), 
are common weeds. Bor ago officinalis is the Borage. Ancliusa officinalis , the 
Alkanet, is rare. 


Cohort 4. Gentianales. Flowers actinomorphic : perianth and 
androecium usually 4- or 5-merous : corolla with frequently contorted 
aestivation (to the right) : stamens inserted 
on the tube of the corolla : carpels two : 
leaves commonly decussate and exstipulate : 
formula K( 5) (0(5) A 5) G&. 

Order 1. Gentiantcje. Carpels perfectly 
connate, forming a uni- or bilocular ovary : 
ovules parietal, numerous, anatropous : seed 
Fig. 223 .— coroite of Fry- w ^h endosperm. Usually herbs without 

throea Contaurium spread out t 

r tube ; s limb j a Btamens. milky juice: leaves almost always entire. 



Sub-order 1 . Gentiane;e. Leaves decussate : corolla with contorted aesti- 
vation. 

Gentiana, the Gentian, lias a bilobed stigma ; it occurs in mountainous 
districts. Erythraea has a capitate stigma ; E, Centauri'mi, the common Centaury, 
is common in pastures. 

Sub-order 2. Menyanthe^e. Leaves spiral: corolla with valvate aestivation. 

Menyanthes tri/oliata , the Buckbean, with ternate leaves, is common in 
marshes. 


Order 2. Loganiacej:. Corolla with usually valvate aestivation. 
Ovary 2-4-locular, each loculus containing one or several ovules : 
seed with endosperm (Fig. 157/1). Mostly trees with opposite and 
usually exstipulate leaves. 

Semen Strychni or Nux vomica, the seed of Strychnos Nux vomica in the East 
Indies, is extremely poisonous. The South American Indians poison tlieir arrows 
with the sap of the cortex of Strychnos guyanensis , under the name of Curare. 

Order 3. Apocynej:. Corolla with contorted aestivation. The 
two carpels are usually connate only by their styles, which become 
free as they ripen: seed usually devoid of endosperm. Herbs or 
shrubs with milky juice. 

Nerium Oleander is an ornamental shrub. Vinca minor and other species, the 
Periwinkles, are common creeping plant?, wild and in ganUau- 
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Order 4. Asclepiade^. Corolla with usually imbricate aesti- 
vation. The two carpels usually form two distinct monomerous 
ovaries : styles short, united into one stigma : stamens connate, 
forming a tube surrounding the gynoecium, having pouch- shaped 
(Fig. 224 B , t) and spur-shaped (Fig. 224 /?, h) appendages: 


anthers 2-4-locular; the pollen 
of each sac forms a mass (pol- 
linium), and the masses of each 
pair of contiguous sacs adhere 
(Fig. 224 C,p,p) and are con- 
veyed by insects to the stig- 
mas : ovules numerous, at- 
tached to the ventral suture: 
seed usually without endo- 
sperm. Generally woody 
plants, often climbers with 
milky juice. 

Asclrpias syriac a and other species 
are grown in gardens, also Hoy a can 
cactus-like stem. 



Fig. 23 k — A Flower of Asclepias (mag.) .- c 
the reflexed corolla ; n stigma ; h the spurs, t 
the ponches of the stamens. B A solitary sta- 
men ; a the anther. C Pollen-masses, p and p. 

usa, the Wax flower. Stapelia has a fleshy 


Order 5. Oleacejd. Calyx and corolla usually 4-merous, some- 
times wanting; corolla with valvate Aestivation : stamens and carpels 
2, alternate: ovary bilocular: ovules, 2 in each loculus, suspended 
and anatropous: fruit a capsule, a berry, or a drupe : seed with 
endosperm : stem w T oody : leaves always decussate. 

Sub-order 1 . Oleine/E. Fruit a berry or a drupe. 



Fig. 235 . — A Flower of Fraxinus Ornus (enlarged): k calyx; c corolla; st stamens; / 
ovary; n stigma. B Hermaphrodite flower of Fraxinus excelsior, the common Ash; a/» 
anthers; f ovary ; n stigma (enlarged) Floral diagram of the Oleacece. 


T 
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Ligustrum has a baccate fruit ; L. vulgare , the Privet, is a common shrub. 
Olea has a drupaceous fruit ; 0. europaa is the Olive-tree of the East and of 
Southern Europe. 

Sub-order 2. Fiuxine.®. Fruit a capsule, or winged and indehiscent (samara). 

The genus Fraxinus has a winged fruit ; in F. excelsior, the common Ash, the 
perianth is suppressed and the flowers are polygamous ; in F. Ornus , the Manna 
Ash of Southern Europe, the perianth is complete, and the corolla is deeply cleft 
(Fig. 225 A). The fruit of the genus Syringa is a 2-valved capsule ; the limb of 
Mie corolla is 4-lobed ; S. vulgaris is the Lilac. 

Order 6. Jasmines. Calyx and corolla 4-5-merous ; corolla with 
/rubricate aestivation ; stamens and carpels 2, alternate : ovary 
bilocnlar : ovules, 2 in each loculus, erect, anatropous ; fruit a 
capsule or a berry : seed without endosperm. Shrubs, often climb- 
ing, with scattered leaves. 

The flowers of Jasminum grandiflorum and other species belonging to Southern 
Europe contain a very fragrant ethereal oil. 

Cohort 5. Ebenales. Flowers actinomorphic, 4-8-merous , 
formula often Ijl(4) (7(4) A 4 + 4, G - , the outer stamens being 
sometimes suppressed: stamens epipetalous. carpels opposite to the 
sepals: ovary multilocular, with one or two suspended ovules in 
each loculus : fruit usually fleshy 

Order 1. Sapoteas. Tropical trees with milky juice. 

Isonandia Gutta , an East Indian tree, yields Gutta-percha. 

Order 2. Ebenace.e. Trees; flowers generally diclinous. 

Diospyros Ebenuni in the East Indies yields the wood known as Ebony. 

Order 3. Styrace.®. Flowers perigynous or epigynous : trees. 

Gum Benzoin is the resin of Stgrax Benzoin in the East Indies. 

Cohort 6. Primulales. Flowers actinomorphic, usually pen- 
tamerous: formula 5) ((7(5) AO + 5) G~: stamens inserted on 
the tube of the corolla and opposite to its lobes : ovary consisting 
of five connate carpels which are opposite to the sepals, unilocular, 
with a free central placenta or a single central ovule. 

Order 1. Primulacej:. Style single : ovules indefinite, on a free 
central placenta (Fig. 148 G ) : the corolla is gamopetalous, tubular 
below, expanding above into a 5-lobed limb which is wanting only in 
Glaux: the anthers (Fig. 226 a) are adnate to the tube of the corolla 
«,nd are opposite to its lobes; this position of the stamens is ex- 
plained by supposing that an outer whorl of stamens ( which is 
represented m the following order by petaloid staminodes) is here 
suppressed: fruit a capsule. Herbaceous plants with conspicuous 
flowers. 
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The genus Primula has a 5-valved dehiscent capsule, and a 5-cleft calyx. 
Primula elatior and P. veris are the Oxlip and the Cowslip; they are remark- 
able in that they are heterostyled; that is, that in some flowers (Fig. 226 P) the 
style is as long as the tube of the corolla, and the stamens are situated at about 
half the height, whereas in others (Fig. 226 A) the style is only half the length 
and the anthers are inserted in the throat of the corolla : fertilisation only takep 
place when the pollen of the anthers which correspond in their position to the 
length of the styles is applied to their stigmas. The capsule of Anagallis 
arvensis , the Pimpernel, dehisces transversely (pyxidium). Cyclamen europccum, 
the Sow-bread, has an underground tuber ; the lobes of the corolla are reflexed. 
Lysimacliia has a deeply 5-cleft calyx. Trientalis has usually a 7-merous 
flower. 

Order 2. My its in bag. These plants differ from the preceding in 
that the frnit is baccate and the stem woody. 

Ardisia, with red berries, is a well-known ornamental plant. 



Fig. 226. — Dimorphic flowera of Primula elatior in longitnidinal 1 section. A Short-styled. 
P Long-styled form ; fe calyx; o corolla; a anthers; f ovary; g style; n stigma. Floral 
diagram of Primula. 

Order 3. Pmt mraginkac. Styles five: there is a single basal ovule 
in the cavity of the ovary: flowers often small, in dense inflores- 
cences with numerous bracts. 

In the genus Anneria the flowers arc in capitula, which are surrounded by an 
involucre formed of the lower scarious bracts ; A. vulgaris , the Thrift, occurs on 
Bandy soils. Sfcatice, with one-sided spikes, occurs on sandy sea-shores. Plum- 
bago occurs in Southern Europe and in the East Indies. 

Cohort 7. Ericales. Flowers -t-o-morous, actinomorpliic : sta- 
mens usually in two wliorls, and usually hypogynous : carpels 
opposite to the petals : formula K(n) G(n) yin + n | (7(n), where 
n = 4 or 5: ovary superior or inferior, multilocular, with large 
projecting axile placentae: seed with endosperm: anthers usually 
appendiculate. 
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Order 1. Ericaceae. Anthers generally opening by two pores at 
the top (Fig. 22 7 A ), furnished with appendages : fruit a loculicidal 
capsule, or fleshy. 

The genus Erica has a 4-lobed corolla and a loculicidal capsule : Erica cincrea , 
Tetralix , and Calluna vulgaris , the common Heath or Ling, occur on heaths 
and moors. Arctostaphylos Ur a Ur si is the Bearberry; its fruit is a berry. 
Arbutus Unedo , the so-called Strawberry-tree, belongs to Southern Europe. 

Order 2. Epacridea:. The whorl of stamens opposite the petals 
is usually wanting : the anthers open by one fissure only. Austra- 
lian plants. 

Order 3. Riiodoracej:. The anthers usually open by two apical 
pores, and have no appendages: fruit a septicidal capsule. 

llhododendron ferriigincum and hirsutum , the Alpine Bose, are wild on the 
Continent; other species of Bhododendron and Azalea from India and the 
southern shores of the Black Sea are cultivated. 



S 


Fia. 227. — A Flower of Erica: s pedicel; k calyx; t corolla; a anthers. H Fruit of 
Pi/rola rotundi folia : s pedicel; 1c calyx ; / fruit , the loculi of which alternato with the sepals ; 
y style; n stigma. C Flower of Vacciniam Myriillus: /ovary (inferior); k calyx ; c corolla. 
Floral diagram of Erica : the stamens opposite to the petals are faintly shaded. 

Order 4. Pyuolace.e. Sepals more or less distinct : petals com- 
monly connate at tlio Base only: anthers without appendages, 
generally dehiscing transversely or by pores: fruit a loculicidal 
capsule : seed minute, with an extremely small embryo, consisting 
of only a few cells and a relatively massive integument. Sapro- 
phytes containing chlorophyll. 

Pgrola rotundifolia , sccunda, minor , and uniflora, tlic Winter-greens, are found 
in woods. 

Order 5. MoNOTROPEyE. Saprophytes devoid of chlorophyll, with 
scale-like leaves, otherwise resembling the Pyrolaceae. 

Monotropa Hypopitys, the Bird’s-nest, is not very common in England. 
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Order 6. Vaccinie.e. Ovary inferior (Fig. 227 C ) : anthers with 
appendages (Fig. 141 7?), usually opening by two pores: fruit a 
berry. 

Vaccinium Vitis-Tdcca is the red Whortleberry or Cowberry ; it usually 
blossoms and bears fruit twice in the year. V. Myrtillus is the Bilberry or 
Whortleberry, wdtli deciduous leaves. V, Oxycoccos , the Cranberry, and V . 
uliginosum , the great Bilberry, arc low shrubs occurring on moors. 


SEMES II. EHGYNJE. 

Ovary inferior. 

Cohort 1 . Campanales. Flowers aci inomorphic or zygomorpliic, 
pentamerons : sepals leafy and narrow : stamens usually free from 
the corolla, hut often connate: ovary of two to five carpels, inferior: 
formula K (5) 0(5) A( 5) G& to 

Order 1. Campanulace.e. Flowers usually actinomorphic : sta- 
mens five, often connate at ihc base: ovary usually trilocvdar, with 
numerous ovules; placentation nxilo : frnit a capsule: seed with 
endosperm. Mostly herbs with milky juice. 



Fie. 228. — Amlroecium and gynoecium of Campanula: / inferior ovnry; c insertion of the 
corolla; a anthers; 6 expanded base of the stamens; n stigmas (mag.). 

Campanula rot undi folia , the TTare-bcll, ylomerata , and other species are com- 
mon in fields, on heaths, etc., etc. : C. media is the Canterbury -bell cultivated 
in gardens. Pliytnnna orbicular e , spicatum , the Itampions, are indigenous in 
parts of England ; the flowers are in capitula, and the calyx is deeply 5-cleft 
with spreading teeth : nearly allied is the genus Jasione ; J. montnna , the Sheep’s- 
bit, is common in England. Specularia has a rotate corolla; S. speculum , 
Venus's Looking-glass, is cultivated. 

Order 2. Lobeliacejj. Flowers zygomorpliic (Fig. 230) : the 
corolla commonly forms a tube which is more or less cleft on one 
side, and the limb is divided into two lips, the lower one consisting 
of three lobes (Fig. 230 A , u) and the upper of two smaller ones 
(Fig. 230 A , o) : at their first formation the position of these parts 
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is exactly the reverse, hut in the course of development the pedicel 



Fig. 230 . — A Flower of Lobelia: / ovary; k 
calyx; o upper, u under lip of the corolla; a 
stamens. B Andrcccium and gyncecium of 
the same : sr tube formed by the stamens; an 
anthers (mag.). 


undergoes torsion, so that those 
parts which are originally pos- 
terior become anterior, and vice 
vrrm : anthers syngenesious 
(Fig. 2.30 L. sr ) and unequal in 
•consequence of the zygomor- 
pliic structure of the flower: 
ovary 1, 2, or 3-locular, with 
numerous anatropous ovules: 
fruit a capsule : seed with en- 
dosperm. Herbs or shrubs 
usually with a milky juice. 


Tj. Dorfmanui , the Water Lobelia, 
and L. urens, the acrid Lobelia, occur in some parts of England. 


Cohort 2. Asterales. Calyx 



Fig. 231 .— A Flower, B Fruit of Valerian : / 
ovary; k calyx; c corolla; a spur; «t stamens; 
g style; p pappus. Floral diagrams, A of 
Valerian ; B of Centranihus. 


inconspicuous, often wanting: 
stamens epipetalous, alternat- 
ing with the segments of the 
corolla : ovary unilocular, ovule 
solitary. 

Order 1. Valeriane#. 
Flowers zygomorphic or ir- 
regular, originally pentamer- 
ous: calyx wanting, or some- 
times assuming the form of a 
hairy corona of ten rays, called 
a pappus, which is not de- 
veloped until after flowering 
(Fig. 231 I>, p), during flower- 
ing it remains short and in- 
folded (Fig. 231 A t Jc) : only 
three stamens are usually de- 
veloped : carpels three, form- 
ing a trilocular ovary, of widely 
however, never more than onfl 
loculus developcs ; ovule single, 
suspended (Diagram A, Fig. 
231) : seed without endo- 
sperm : leaves decussate, ex- 
stipulate 
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Valeriana officinalis , and dioica , are common in damp places. Valerianella 
bas a toothed calyx-limb ; many species are common in fields : Valerianella 
olitoria , Cornsalad, or Lamb’s lettuce, is eaten. Centranthus ruber is an orna- 
mental plant ; only one stamen and one carpel are developed (Fig. 231, Diagram 
/>’) ; at the base of the tube of the corolla is a spur which is indicated in 
Valeriana by a protuberance. 

Order 2. Dipsacm. Flower originally pentamerous, and sur- 
rounded by an epicalyx (Fig. 232 1c j formed of connate bractcoles : 
calyx often plumose or bristly (Fig. 232 Jc ) : corolla bilabiate : 
stamens only four, the posterior one being suppressed: ovary 
unilocular, with one suspended ovule: seed with endosperm: leaves 
decussate, exstipulate : flowers in a dense capitulum surrounded by 
an involucre : the outer florets are usually ligulate : the receptacle 
may or may not bear scaly bracteoles : fruit invested by the epicalyx 
which is cleft longitudinally. 

Dipsacus, the Teazle, has a calyx without bristles; the capitula of Dipsacus 
Fullonum are used in finishing woollen cloth, for the sake of the strong hooked 
spines of the bracteoles : D. silvestris is common on waste ground. Scabiosa has 
palese, and the projecting limb of the epicalyx is dry; S. Columbaria is common 
in pastures. In Succisa the limb of the epicalyx is herbaceous ; S. pratensis 
occurs in damp meadows. Knautia has paleas ; epicalyx entire : K. arvensis is 
common in fields. 

Order 3. Composite. The flowers are always collected into many- 
flowered capitula (sometimes only 1-flowered) : in the same head, 
hermaphrodite, female, and asexual flowers generally occur: ovary 
inferior, unilocular, with a basal, erect, anatropous ovule: the calyx 
is rarely present in the form of small leaves or scales (Fig. 235 D, p) ; 
more commonly it is a crown of simple or branched hairs (Figs. 233 
v, and 235 A , E, p), and is not developed till after the flowering is 
over; it is termed the pappus: sometimes the calyx is wholly want- 
ing : corolla tubular, either regular, and 5-toothed (Figs. 233 A, c, 
235 G, m, c), or expanded at the upper end into a lateral limb with 
3 or 5 teeth (Figs. 233 11, 235 11, ra), (Fig. 235 A, c), when it is 
mid to be ligulate: the stamens are short, inserted upon the corolla 
(Fig. 233 A, st) ; the anthers are elongated and syngeuesious, 
forming a tube through which the style passes (Figs. 233 A, a, 235 
A, a) : this is bifid at its upper end (Figs. 233 A, n, 235 A and C n) : 
on each of these branches the stigmatic papillae are arranged in two 
rows : in the wholly female flowers the styles are usually shorter 
Tig. 233 B, g) : fruit an inferior achene (cypscla), crowned by 
he pappus (Fig. 235 E and TXp) when it is present (Fig. 235 F,f) : 
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sometimes the fruit, has its upper end prolonged into a beak, and its 
surface is covered with ridges or spines (Fig. 235 E, h ) : seed with- 
out endosperm. 

Usually herbs with scattered (more rarely decussate), exstipulate 
leaves, often with milky juice. The capitula are always surrounded 
by a number of bracts forming an involucre (Fig. 235 1>, i). The 
scaly bracteoles of the individual florets (paleoo) may be present or 
wanting (Fig. 235 C , d). 

The Composit.no are classified according to the form of the flowers 
and to the distribution of the sexes in the inflorescence. 



Fi«. 233. — Flower of Arnica (mag.). A Floret from the centre ('line) (longitudinal peer..). 
B Marginal floret (ray);/ ovary ; 2 * pappus; c corolla; a anthers; n stigma; g style ; « ovule. 


Sub order 1. Tubulifloilss. The capitula either consist entirely of herma- 
phrodite tubular florets (by tubular flowers are meant those with a regular 
5-tootlied corolla) or the central florets (florets of the disc) are tubular and 
hermaphrodite (Fig. 233 A ), whereas the florets of the ray are ligulato and female 
or asexual, and form one or two rows (Figs. 233 B , 235 Z>\ ra). 

Tribe 1 . Eupatoriecp. Leaves mostly opposite : flowers all tubular, herma- 
phrodite: the branches of style narrow ; papillse extending to the middle. 

Eupatorium Cannahinum , the Hemp Agrimony, is common in damp places. 

Tribe 2. Tussilaginccc. Leaves alternate, radical : ray-florets female, some- 
times ligulate : the branches of the style are bifid at the tips. 

Betasitcs vulgaris , the Butter-bur, and Tussilago Farfara t the Colt’s-foot, are 
common in wet fields. 

Tribe 3. Astcroidca. Leaves alternate : ray-florets female or neuter, generally 
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ligulate : branches of the style hairy above, papillae extending to where the hairs 
begin. Many species of Aster, belonging chiefly to North America, are cultivated 
as ornamental plants, as also Callistephns Chinemis> commonly known as the 
China Aster. Erigeron acris , alpinus and canadensis occur in England ; the 
last is an imported weed. Beilis perennis , the Daisy, is universal. Solidago ia 
the Golden Rod. 

Tribe 4. Senecionidca j. Leaves alternate: ray-florets in one row, ligulate, 
female, rarely absent : branches of the style tufted at the tips. 

Scnecio vulgaris , the Groundsel, is universal as a weed. Arnica mnntana 
occurs in Alpine woods. Two species of Doronicum have become naturalized in 
England. 



Fits. 23'.— Flowers of Compositor : / fruit or ovary ; h its beak; p pappus ; c corolla; » 
stamens ; n stigmas. A Ligulate flower of Taraxacum, with a 6-toothcd corolla-limb, herma- 
phrodite. B Cnpitulum of Achillea (mng.): ra floret of the ray, with ligulato 3-toothed 
corolla, female ; m hermaphrodite florets of the disc, with a 6-toothed tubular corolla ; i 
involucre. C Longitudinal section more highly magnified: r receptacle; \ involucre; <1 
bractcoles (pale®); ra floret of the ray; m floret of the disc; n' stigmas of the female 
flowers. I) Fruit of Tanacetura, with a scaly pappus. E Of Taraxacum, with a hairy 
pappus. F Of Artemisia, without a pappus (mag.). 

Tribe 5. Anthcmidecp. Leaves alternate : ray-florets female, ligulate or tubu- 
lar : branches of style tufted at the tips : pappus 0, or minute. 

Artemisia A bsynthinm, Wormwood, A. vulgaris and campestris are common; 
Chrysanthemum Leucanthemum , the Ox-eye Daisy, is common in fields. Matri- 
caria Chamomilla } the Wild Chamomile, has a hollow conical receptacle 
destitute of palece. Anthemis nobilis , the Common Chamomile, has a receptacle 
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bearing pale®, as also A . arvensis , the Corn Chamomile. Achillea Millefolium 
ia the Milfoil. Tanacetum vulgar e is the Tansy. 

Tribe 6. Helianthece. Leaves opposite : ray-florets 0 or ligulate, yellow, 
female or neuter : branches of style as in Asteroidece. Bidens is common in 
wet places. Galinsoga is naturalized in England. 

Helianthus armuus is the Sunflower ; oil is extracted from the seeds : the 
tubers of H. tuherosus , a West Indian species, are rich in inulin, and serve as a 
vegetable and for fodder (Jerusalem Artichokes). 

Tribe 7. Inulea. Leaves alternate: ray-florets ligulate, female, yellow: 
branches of style as in Asteroideie. 

Inula Helenium is the Elecampane. 

Tribe 8. Cynarra. Flowers all tubular, the outer ones sometimes female or 
neuter : style thickened below the branches : leaves generally armed with 
spines, alternate. 

Arctium Lappa, the Burdock, is common by roadsides; the leaves of the 
involucre are hooked and spinous. Carduus nutans and crisp a a are common 
(true) Thistles ; Carduus ( Cirsium ) lanceolatus , palustris , pratensis (Plume* 
thistles), are common in damp districts. Carlina vulgaris is the Carline ; the 
inner leaves of the involucre, which are white, fold over the flower head under 
the influence of moisture, but in drought spread widely open. Centaur ea 
Scabiosa and nigra, the Knapweeds, are common everywhere. C. Cyanus is the 
Corn-flower or Blue-bottle, occurring in wheat fields. Cgnara Scolgmus is the 
Artichoke; the flower-buds are eaten as a vegetable. Cart ha mm tinctoria, the 
Safllower, is used in dyeing. In Echinops, the Globe-Thistle (exotic), numerous 
one-flowered capitula are collected into one large spherical head. 

Tribe 9. Gnaphaliea ?. Leaves alternate, entire: bracts scarious : flowers all 
tubular, tlie outer ones female : branches of style papillose at the tips. 

In Gnaphaliiim, the Cud-weed, and in Filago, the capitula contain female and 
hermaphrodite flowers, but in Antennaria, the Everlasting, the flowers are 
dioecious. 

Sub-order 2. Lamatifloiias. The hermaphrodite florets have a bilabiate 
corolla ; the male and female florets have a ligulate or a bilabiate corolla. South 
American. 

Sub-order 3. Ligulifloile (Cictioiuaceje). All the florets are hermaphrodite ; 
limb of tlie corolla 5-toothed and ligulate (Fig. 235 A). 

Taraxacum officinale, the Dandelion, is the commonest of wild flowers. 
Lactuca sativa is the Lettuce. L. Scariola , virosa , and others, are common 
in waste places. Scorzoncra liispanica is eaten as a vegetable. Tragopogon 
porri folium , the Salsafy, and T. pratensis, the Goat’s beard, are common. 
Cichorium Intyhus, the Chicory, is found by roadsides; the roasted roots are 
mixed with Coffee : C. endivia (Endive) is a vegetable. To this group belong 
also the genera Hicracium, Sonclius, Crepis, Lnpsuna. 

Cohort 3. Rubiales. Leaves generally opposite: calyx 
generally present and incised : stamens epipetalous, alternate with 
the segments of the corolla : ovary 2-8-locnlar, ovules 2 — oc. 

Order 1. Rubiace.®. Flowers aetinom orphic, 4- or 5-merons : 
calyx leafy or suppressed: corolla with va.lvate aestivation: ovary 
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1- or 2-locular, consisting of two carpels, 1- or m any- seeded : seed 
usually containing endosperm : leaves decussate, stipulate : stipules 
similar to the true leaves (Fig. 23G /l, n n) : the true leaves are 
distinguished by the branches which arise in their axils (Fig. 236 

Sub-order 1. Stellate. Stipules large and leafy: loculi 1-seeded. 

Galium, Bedstraw, has a rotate corolla and an inconspicuous calyx, usually 
tetramerous : G. verum, Mollugo , Apnrine , and others are common in hedges 
and pastures. Asperula has an infundibuliform corolla, but in other respects 
the flower resembles that of Galium; A. odorata, the Wood-ruff, is common. 
Hubia tinctorum , the dyer’s Madder, has a pentamerous flower, a rotate corolla, 
and a baccate fruit ; it 
is used in dyeing and 
largely cultivated ; it is 
indigenous in Southern 
Europe and the East ; 
it is closely allied to 
the British species Ii. 
per eg rirni, the Wild Mad- 
der. Sherardia has a 
conspicuous calyx ; S. 
a rents is, the Field Mad- 
der, is found in culti- 
vate and waste places. 

Sub-order 2. Cofkka- 
ce.tl. Stipules scaly : 
loculi 1-seeded. 

C( )//> a arti b ica , the 
Coffee-tree of Africa, is 
grown in the tropics ; 
the fruit, a berry, con- 
tains one or two seeds ; 
the so-called coffee-bean 
i 6 ! flip seed which con- Fir 23f*.— .’1 Portion of n stem of Itubia hud oritur 1 : f f the 

l7ofel^m and ~ “/> * ** 

an the segmented stipules resembling tnc leaves (nat. size). 

contains a small embryo. F i owcr ( maj? .) : / ovary; k calyx (rudimentary); c corolla; 

Cephaelis yields Ipeca- a anthers ; u stigma. 

chuana. 

Sub-order 3. Cinctione.e. Stipules scaly : loculi many-seeded. 

Various species of Cinchona, indigenous to the eastern slopes of the Andes, 
but cultivated in Java and tlie East Indies, yield the cinchona-bark from which 
Quinine is prepared. 

Order 2. Caprifoltacktc. Flowers usually pentamerous, actino- 
morphic or zygomorpliic : corolla usually with imbricate aestiva- 
tion; ovary 2-5-1 ocular : ovules suspended: fruit baccate; seed 
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Kith endosperm: leaves opposite, usually exstipulate. Mostly 
trees or shrubs. 

Tribe 1. Sambucece. Corolla rotate, usually actinomorphic ; one ovule in 
each loculus. 

Sambucus, the Elder, has a 5-partite corolla, and 3-5 seeds in the berry : 
S. nigra is the Elder. Viburnum has a 5-partite corolla, and 1 seed in the 
berry ; V. Lantana and V. opuliis, the Guelder Rose, arc common ; a form of 
the last species is cultivated, in which all the flowers (and not merely those at the 
circumference of the corymb as in the original species) have large corollas, and 
are barren. Adoxa moschatellina is a small plant occurring in damp woods; 
the stamens are branched. 

Tribe!!. Lonicerea. Corolla tubular, usually zvgomorphic : loculi containing 
several ovules. 

Lonicera, the Iloney-siiclde, has 2-3-locular ovary ; L. Capri folium and Peri - 
chjmcnnm , with a climbing stem, are well-known garden shrubs ; in many species 
the fruit r f two adjacent flowers grow together to form a single berry (e.g., L . 

H 


Fia. 237. — Floral diagram of 
Caprifoliaccae. A Leycestenn : 
a gynoeciura of Lonicera; l of 
Symphoricarpus. 

Fig. 238.— Flower of Lonicera Capri folium : / ovary; U calyx ; r tul>e; c c the five lobes of 
the limb ; si stamens ; <j style ; n stigma. 

alpigena). Symphori carpus raccmosus, the Snowberry, has a 4-5-locular ovary 
and white berries ; it is a common ornamental shrub. Diervilla has a bilocular 
capsule; D. Canadensis and rosea are ornamental shrubs. Linncca borealis is 
a small creeping plant in Norway and in the Alps. 




SUB-CLASS 111. BOLYPETA LM. 

Flowers usually hermaphrodite : perianth usually consisting of 
calyx and corolla, th<> petals being free. 

SERIES I. CALYCIFLOR.E. 

Flowers epigynous or perigynous : calyx usually gamosopalous ; 
euunons definite or indefinite; gynoecium syncarpous or apocarpous. 
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Cohort 1 . Umbel tales. Flowers usually actinomorphic, epi- 
gynous, with generally a single whorl of stamens opposite to the 
sepals : calyx inconspicuous : ovary bilocular, with one ovule in 
each loculus: a disc between the stamens and the styles: inflores- 
cences usually umbellate : seed containing endosperm : leaves 
exstipulate. 

Order 1. Umbellifem. Formula, 2v5, C5,^15, : the calyx is 

generally very small, often hardly visible ; the corolla consists of 
five rather small white or yellow petals ; occasionally the outermost 
petals of the flowers at the circumference of the umbel arc larger 
than the others, and the umbel is then termed radiate: stamens 
five ; ovary inferior, bilocular: the base of the two styles is fleshy 
and thickened, forming an epigynous disc (Fig. 239 A cl) ; one 



Fig. 239.— .4 Flower of Foeniculum (mag): / omry; c corolla; s stamens; d disc. B 
Fruit of Hericleuin: p pedicel; g style: r r r ridges (costtc) : rr marginal ridges; o oil. 
ducts (vittte) (mag.). C Transverse section of merienrp of Carum Curni: m surface that 
comes into contact with the other mericarp ; o vittic; e endosperm. I) Transverse section 
of mericarp of Conium. E Fruit of Ooriandrum : fc margins of the surface along which the 
two mericarps are in contact; r ridges: n secondary ridges. F Section of a mericarp (mag.). 


suspended ovule in each loculus of the ovary (Fig. 148 E): the fruit, 
when ripe, splits into two mericarps, each loculus of the ovary 
being permanently closed by a median septum (Fig. 240 a). The 
structure of the pericarp is an important characteristic for the 
classification of the family. The fruit is commonly either oval in 
form (Fig. 240), or compressed (Fig. 239 .7?), or nearly spherical 
(Fig. 239 E) : its surface hears longitudinal ridges (cos fee), five 
generally on each mericarp ; of these, two rnn along the margins 
(Fig. 239 B % Gy D, rr), and *he oiher three along the dorsal surface 


266 


PART IV — THE CLASSIFICATION OF PLANTS. 


(Fig. 239 B , C , Z), r). In the spaces between the ridges, which 
form furrows, lie oil-ducts or receptacles (vittcv) (Fig. 239 Z>, G , o), 
and sometimes other secondary ridges (Fig. 239 FJ, F, n ) . The 
mericarp wher. ripe is filled by the seed, of which the larger part 
consists of endosperm (Fig. 239 G, D , F, c) enclosing a small embryo. 
According to the form assumed by the endosperm, the following 
groups may be distinguished: the OUhuspenncce, in which the 
surface of the endosperm which is directed towards the plane of 
junction of the two mericarps, is flat or convex, as in Carum (Fig. 
239 G ) : the Campylospermece, in which the endosperm is concave 
towards the same plane, as in Conium (Fig. 239 D), and the 
G&hftpermca\ in which the whole endosperm is curved, so that it is 
seen to be concave towards this plane both 
in longitudinal and in transverse section, as 
in Coriander (Fig. 239 F). 

The flowers, with few exceptions (As- 
trantia and Eryngium), arc in compound 
umbels ; in some few cases, as in Daucus 
there is a solitary terminal flower which is 




black in colour : an involucre and involuceb 
are largely developed in some species, in 
others they are wholly wanting The hollow 
stem bears large leavos with generally well- 
developed sheaths and much-divided laminin. 
Rarely the leaves are entire and amplexicaul, 
as in Bupleurum. 


'/ J 


Fig. 240.— Fruit of Car um 
Carui. A Ovary of the llowcr 
(/). B Ripe fruit. The two 
loculi have separated so as to 
form two moricarps (in) Part 
of the septum constitutes the 
carpliophoro (a). 


Sub-order I. Orthosiusiimeas. 

1. Umbels simple. 

Tribe 1. Hydrocotylea. Fruit laterally com 
pressed. The genus Hydrocotyle consists of marsl 
plants with peltate leaves 

Tribe 2 San ic idea Fruit nearly cylindrica' 
This group includes the genera Aslrantia. Eryngium, 
and Sanicula. 


2. Umbels compound. 

Tribe 3. Ammincce Fruit without secondary ridges, laterally compressed: 
Bupleurum, Petroselinum, Apium, Algopodium, Carum, Cicuta, Sium. 

Tribe 4. Seselinea. Fruit without secondary ridges, circular in transverse 
section : iEthusa, Fceniculum, (Enanthe, Seseli, Meum. 

Tribe 5, Anyelicea. Fruit without secondary ridges, compressed in the 
median plane, the lateral primary ridges winged, tlio wings of the two mericarps 
divergent : Levisticnm, Angelica, Archangelica. 

Tribe 6. reuccdanea. Fruit without secondary ridges, compressed in the 
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n edian plana, the lateral primary ridges winged, the wings of the two mericarpa 
apposed : Peucedanum, Imperatoria, Anethum, Pastinaca, Hcracleum. 

Tribe 7. Silerinece. Each mericarp has four secondary ridges : Siler. 

Tribe 8. Thapsiea. Each mericarp has four secondary ridges, of which tha 
external ones at least are winged : Laserpitium. 

Tribe 9. Daucinea . The secondary ridges are spinous : Daucus. 

Sub-order II. CAMrYLosrERMEJE. 

Tribe 10. Caucaline.ee. Secondary ridges spinous : Caucalis. 

Tribe 11. Scant! icea. Fruit without secondary ridges, laterally compressed, 
usually beaked : Anthriscus, Choorophyllum, Myrrliis. 

Tribe 12. Smyrniece. Fruit without secondary ridges, unbeaked : Couium, 
Smyrnium. 

Sub-order III. Ccelosperme^e. 

Tribe 13. Coriandrcce. Fruit spherical ; secondary ridges more prominent 
than the wavy primary ridges : Coriandrum. 

Anthriscus silvestris, Carum Carui . the Caraway, Ileracleum spondylium , the 
Cow-Parsnip, JEgopodium Podagraria, Past inaca sat itui , are common in meadows 
and woods. The following are cultivated: Apium graveolens , Celery; Pctro- 
selinum sativum, Parsley; Daucus Caro ta, the Carrot; Pastinaca olcracea, the 
Parsnip; Anthriscus cere folium , the Chervil. The following are poisonous: 
Conium maculatum , the Hemlock ; Cicuta virosa, the Water-Hemlock; HU thus a 
Cynapiuni , Fool’s Parsley. 

Order 2. AraliacH/E. Flowers generally pent amorous ; stamens 
sometimes more numerous ; carpels more or less numerous : fruit 
a berry or a drupe. Shrubs, sometimes climbers, with scattered 
palmate leaves. 

Iledrra Helix, the Ivy, does not blossom till it is some years old : the umbels 
are borne on erect branches, the leaves of which are entire. Fatsia papyrifera 
is used in Japan for making a kind of paper known as rice paper; it is made 
from the pith. 

Order 3. Coknacej;. Flowers tetramerous, with a dimerous bi^ 
1 ocular ovary ; fruit usually a drupe. Shrubs with woody stems and 
entire opposite leaves. 

Cornns mas, the Cornel, has yellow flowers which bloom before tbe unfolding 
of the leaves, and a red fruit. C. sanguined and suecica are common shrubs. 
Aucuba japonica has coriaceous leaves, dioecious flowers, and a baccate fruit. 

Cohort 2. Ficoidales. Affinity doubtful. Flowers epigynouo 
or perigynous, with the very numerous petals and stamens, and 
often the sepals also, arranged spirally : ovary uni- or multilocular : 
placentas parietal or basilar. 

Order 1. Cacte.e. Flowers acyclic, epigynous, with numerous 
sepals, petals, and stamens, which gradually pass into each other : 
ovary unilocular, with three or more parietal placentae : ovules 
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horizontal ; endosperm little or none : stems of the most various 
forms : leaves usually represented by tufts of spines. All arc indi- 
genous to tropical America, but many have been introduced into 
the eastern hemisphere. 

Mamillaria lias a spherical or cylindrical stem on which tubercles, arranged 
spirally and bearing spines, represent the leaves. Ecliinopsis and Ecliinocactus 
have angular ridges on which the tufts of spines grow. Cereus has an angular, 
columnar, elongated stem. Pliyllocaetus and Khipsalis have compressed leaf- 
like stems. Opuntia and Nopalea have flattened stems composed of a suc- 
cession of flattened ovate shoots. The Cochineal iusect lives ou Nopalea cocci- 
nell if era . 

Order 2. Aizoacejs (Ficoide.e). Flowers with a simple perianth 
and usually indefinite stamens, the more external of which are often 
transformed into petaloid stami nodes : ovary multilocular. 

Many species of Mesembryantlieinum, natives of South Africa, are cultivated ; 
iu Aizoon the flowers are perigynous. 

Cohort o. Passiflorales. Flowers act inom orphic, opigynous, 
perigynous or hypogynous, pentamei*ous : stamens in one or two 
whorls, or indefinite ; gyncecium syncarpous, ovary usually trimerous 
and unilocular: ovules numerous, on parietal placenta'. 

Order 1. Passiflokace.e. Flowers penlamerous, perigynous ; be- 
tween corolla and andrcrcium there is a disc consisting of a number 
of filamentous appendage's : the androecium and the gvnoecium are 
elevated upon an elongation of the axis: stamens five, often mona- 
delphous, opposite to the sepals: leaves palmate. Climbing plants. 

Several species of Passiflura, the Passion-Flower, from tropical America, are 
cultivated. 

Order 2. Papayace.e. Flowers diclinous, hypogynous : stamens 
in two whorls: carpels five. 

Caricu Papaya , the Papaw, is cultivated in the tropics on account of its edible 
fruit: its latex is poisonous. 

Order 3. Begoniacejk. Affinity doubtful. Flowers diclinous, 
the male flowers have two dimerous petaloid perianth- whorls, and 
indefinite stamens crowded together; the female flowers are epi- 
gynous, the perianth consists of five petaloid leaves, the ovary is 
trilocular, with numerous anatropous ovules borne on axile placen- 
tae: fruit a capsule: leaves often very large, usually oblique: 
inflorescence cymose, the male flowers being terminal on the first 
branches, the female terminal on the last. 
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Many species of Begonia, derived from the tropics, are cultivated as orna- 
mental plants. 

Order 4. Cucurbttacej:. Flowers diclinous or polygamous, actino* 
morphic : corolla gamopetalous, of five petals : stamens epipetalous, 
five, but two pairs cohere, so that there appear to be but three 
(Fig. 241, diagram) ; sometimes there is only one short one, with 
a large sinuous anther : ovary inferior, unilocular, or spuriously 
maltilocular, with one or (more often) many parietal ovules: fruit 
baccate (a pepo or a succulent berry), often of great size, with 
a relatively thick and solid epicarp : seeds without endosperm. 
Herbs with scattered leaves, often climbers, the tendrils growirg 
by the side of the leaves. i 

Cucurbita Pcpo is the Pump- 
kin: the genus Cucumis lias free ■„ . . \ 
stamens ; Cucumis sativa is the \ \i 1 ’ ' \ 

Cucumber, and Cucumis Mela is ( \ v ^ 

the Melon: Citrullus vulgaris is C\ \ / f . ; 

the Water Melon. The genus x. \ % Jt jjr % ^ / t 

Bryonia has a small white ^ 

corolla ; the loculi of the ovary AlM 

are 2- seeded, and the fruit is a ^ * k 

succulent berry ; II. dioica is ~ 

common in shrubberies and A ft j f 

hedges. I’S 5 

= 5 ; \ • 

Cohort 4. Myrtales. fJ J f 

Flowers usually actinomor- \i i 

phic, epigynous or peri- \ / l f (TMBBm j/J y 

gynous, with commonly two \ / 

whorls of stamens : gynoe- » 1 

cium syncarpous, with USU- Fig 241.— 4 Longitudinal section of female flowei 
ally a single style: leaves of Cucumis: /ovary; ale ovules; fc calyx; C corolla; 

-ji *j « stigma; at' rudimentary stamens. B Loogitudi- 

USUa y opposi . na ] section of male flower: st stamens; n' rudimen- 

Order 1. Onagrace.®. tary ovary; the corolla ( c ) is not all shown (some* 

Flowers usually tetrarnerous wbat ma s>- Floral (Ua - ram of Gllcurbifca - 
throughout, epigynous: ovary maltilocular, with numerous ovules 
on axile placentie : fruit a berry or a capsule ; seed without endo- 
sperm. Calyx often petaloid, forming a long tube (Fig. 242 A, r). 

( Enothrra biennis , the Evening Primrose, occurs on river banks ; the seed has 
not a tuft of hairs, and the flowers are yellow. Epilobium is the Willow Herb, 
of which many species are common; K. angustifolium , hirsutum , and montanum 
occur in fields, hedges, and ditches ; the seeds have a tuft of long hairs ; flower* 
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red, fruit a septifragal capsule. Circcea lutetiana (Enchanter’s Nightshade) hcs 
dimerous flowers K2 , C2 t A 2, G( 3 ) ; common in damp and shady spots. Isnardia 
palmtris has no corolla ; its fruit is a septicidal capsule. Fuchsia (Fig. 242 A), 
many species of which are cultivated as ornamental plants, is a native of South 
America ; fruit a berry. 

Order 2. Lythrariea. Flowers perigynous, with two whorls of 
stamens: formula ICn, G Y n, /In + n, G { -\ where n = 3 — 16: ovary free 
in the hollow receptacle: an epicalyx formed by connate stipules 
is often present: seed without endosperm. 

Lythrum Salicaria , the Loosestrife, occurs in bogs and ditches: formula 
A6, C6, A6 + 6, G(^) : the stamens of the two whorls arc unequal in length, and 

the length of the 
style also varies ; 
three forms of 
flowers arc thus 
produced (tri- 
morpliism). Se- 
veral species of 
Cuphea, with 
a posteriorly 
spurred calyx - 
tube, from Mexi- 
co, are cultivated. 

Order 3. 
M YBTACE E. 
Flowers 4- or 
5-merous, epi- 
gynous ; sta- 
mens often 
very numer- 
ous, or few 
and much 
branched (Fig. 

243) : seed without endosperm: leaves usually opposite, dotted with 
oil-glands. 

Tribe 1. Myrtea, Fruit a berry or a drupe ; stamens indefinite. 

Myrtits communis is the Myrtle of Southern Europe ; Eugenia and Caryophyl- 
lus are also ornamental shrubs. 

Tribe 2. Leptospei'mece. Fruit a capsule, dehiscing loculicidally from above 
downwards: stamens indefinite, in bundles which are opposite either to the 
sepals or to the petals (Fig. 243). . 

Callistemon, Melaleuca, Metrosideros, Calothamnus, and others, are ornamental 
plants : Eucalyptus Globulus , from Australia, is much planted in marsh}* die* 
cricts, which it tends to drv up by its active transpiration. 



Fio. 212 . — A Flower of Fuohsia: s pedicel; / inferior ovary; k 
sepals, connate at the base, forming a tube (r) • a stamens ; g stylo ; n 
stigma. B Flovvor of E] niobium hirsutum (letters as before). C Fruit 
of Epilobium after dehiscence : to outer wall ; m columella formed by 
the septa; ua seed with tufts of hairs (nat. size). 
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Tribe 3. Lecythidea. Fruit large, woody, dehiscing with a lid, or indehiscent ; 
leaves scattered, without oil-glands : stamens indefinite. 

Bertholletia excelsa grows in tropical America ; its fruits are known as Brazil 
nuts. 

Tribe 4. Granatea. Fruit resembling a pome ; leaves opposite, without oil- 
glands. 

Punica granatum , the Pomegranate, grows in Southern Europe; flowers 5-8- 
merous ; receptacle petaloid ; stamens indefinite ; in the ovary there are two 
whorls of loculi, an external superior of which the loculi are as numerous as and 
are opposite to the petals, and an internal inferior consisting of three loculi. 

Order 4. Rhizophoracea:. Tropical trees with aerial roots, known 
as Mangroves : the seed often germinates in the fruit whilst it is 



Fig. 243. — Longitudinal section of 
the flower of Calothaimms : / ovary ; 
8 calyx; p corolla; at branched sta- 
mens ; y stylo. (After Sachs.) 



Fig. 2H. — Flower-bud of Caryophyl 
lus, the Clove, in longitudinal section : 
f the inferior ovary, with the oil- 
glands (dr) ; sfc tbe ovules ; k calyx ; 
c corolla; st stamens; u antLieis; 
g style (enlarged). 


still attached to the tree, and the primary root extends till it reaches 
the earth. 

Cohort 5. Rosales. Flowers actinomorpliic or zygomorphie, 
usually hermaphrodite, perigynous or epigynous : stamens rarely 
fewer in number than the petals or equal to them, generally in- 
definite in numerous whorls: gynoeciuin more or less completely 
apocarpous: ovules aiiatropous, suspended or erect; seed with or 
without endosperm. 

Order 1. Rosacea;. Flowers actinomorpliic, perigynous : gynoecium 
apocarpous: ovules 1 or few, aiiatropous ; seeds without endosperm: 
leaves scattered, stipulate : the odd sepal is posterior. 

Tribe 1. Rosea . Carpels numerous, attached to the base and sides of the 
hollow receptacle, which is narrow above (Fig. 245 C ) ; each contains a single 
suspended ovule, and* when ripe, are achenes enclosed in the fleshy receptacle : 
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the sepals are frequently persistent at the top of it. Shrubs with imparipinnat* 
leaves ; the stipules are adnate to the petiole. 

Many species of Rosa, the Rose, are wild, such as It. arrewis, canina , and 
ruhiginosa , and many others are cultivated, as It. cehtifolia , damasccna , ituiica , 
ruhifolia, etc. 

Tribe 2. Spirccacece. Carpels usually 5, each containing two or more sus- 
pended ovules: they are inserted upon the floor of the flat open receptacle: 
the calyx is persistent till the fruit is ripe. 

Spiraa Ulmaria, Meadow-sweet, Aruncus and Filipcndula (Dropwort) occur 
in woods and meadows, the fruit is a follicle; Sp. sorb if alia, media , uhni folia, 
and other species, Kerria japonica (with achenes) and lihodutypus (with drupes) 
are ornamental shrubs. 

Tribe 3. Amygdalae. The single carpel, containing two suspended ovules, is 
inseited on the floor of the receptacle (Figs. 245 A and 246 C ) ; the receptacle 
and the calyx fall off when the fruit is ripe : stamens usually in three whorls of 
5 or 10 ; fruit a drupe (Fig. 102) ; only one seed is usually present. 

The fruit of the genus Amygdalus has a furrowed coriaceous endocarp : A 
communis , the Almond-tree, and nana, are trees of Southern Europe: A. persica 



Fig. 215. — Diagrammatic longitudinal sections oi flowers. A Amygdalero. B Dryadea* 
C ltosese. 1) Points : k calyx ; c corolla; / ovaries ; n stigmas. 

is the Peach. The fruit of the g^nus Prunus has a smooth stony endocarp: 
P. a rmeniaca is the Apricot ; P. domestica is the Wild Plum, it has an ovoid 
fruit and glabrous shoots; P. irisiiitia is the Bullace, it has a globoid fruit and 
hirsute shoots ; P. Cerasus, the Wild Cherry, lias foliage-leaves at the base of 
its umbellate inflorescences; ]\ Avium , the Sweet Cherry (Gean), lias only scales 
at the base of its inflorescences; V Fad us, the Bird-Cherry, has elongated race- 
mose inflorescences: P. MahaUdt, the Damson, lias fragrant bark; P luurocera- 
bus , the Cherry Laurel, lias evergreen leaves which somewhat resemble those of 
the true Laurel ; P. spinoxa is the Sloe or Blackthorn. 

Tribe 4. Sangnisorhece. Flowers often unisexual : ovaries few, often but one, 
monomerous, enclosed in the cavity of the receptacle which hardens as the seed 
ripens : ovules solitary, suspended. 

The genus Alchemilla has tetramerous flowers destitute of a corolla ; the 
stamens (4 or fewer) alternate with the sepals; an epicalyx is present: A. vul- 
garis, the Lady’s Mantle, and A. arrensis , are common. The flowers of the 
genus Sangnisorba, the Great Burnet, have no corolla, the four stamens are 
opposite to the sepals, and they have no epicalyx ; S. officinalis is common in 
meadows. The flowers of the genus Poterium, the Lesser Burnet, resemble 
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those of the preceding, but the stamens are indefinite, and they are polygamous. 
The flower of Agrimonia xs pentamerous ; it has a corolla and indefinite stamens ; 
the outer surface of the receptacle is beset with bristles. 

Tribe 5. Dryadea. The ovaries, which are numerous, are inserted upon 
a prolongation of the axis into the cavity of the receptacle (Figs. 245 B and 246 
B) ; each contains a single ovule. The calyx is usually surrounded by an epi' 
calyx formed by the connate stipules 
of the sepals. The stamens are usually 
indefinite, each whorl consisting of as 
many or twice as many stamens as 
there are petals. These flowers are 
distinguished from those of the Ila- 
nunculaceze, which they somewhat re- 
semble, by the whorled arrangement 
of the stamens and by the presence of 

the hollow receptacle ; for in Ranun- , 

. _ , ciuncle ; c corolla; a stamens; g style, pro- 

culaceous flowers the stamens are ar- ject . inR out of the cavity of the recoptacIe . 

ranged spirally and the sepals are quite B Fruit of the Blackberry, liubus fruticosus: 
free. k calyx ; / ilesliy ovaries. 

Of the genus rotentilla, which lias dry fruits and a dry receptacle, many 
species are common, such as P. aruteri na , the Silver-weed, rep tans, Tormentilla, 
and others. Fragaria is the Strawberry; the receptacle becomes succulent as 
the fruit ripens and bears the mi. all aclienes on its surface; F. vesca and 

elatior are found in woods; F. v ivy in hum and other North American species 

are cultivated. The flowers of the genus liubus have no epicalyx and the fruits 
are succulent when ripe : Ruhus Idccus is the Raspberry ; its fruits separate from 
the dry receptacle when they are ripe : in It. fruticosus, the Blackberry, and 
R. cccsius, the Dewberry, the upper part of the receptacle separates together 
with the fruits when ripe. Dry as vctupetala is a procumbent alpine shrub with 
an oval, long-tailed fruit (resembling that of Clematis Vitalba). Geum urhanum 
and rivale (Avens) occur in woods and damp fields; the long style is hooked. 

Tribe G. Pomece . Ovaries five or fewer, contained in the cavity of the 
receptacle, connate, and adnate to the wall of the receptacle (Fig. 215 I)). 
The spurious fruit is surmounted by the calyx. The individual fruits either 
become hard and are like small drupes imbedded in the fleshy receptacle, or 
they have only a thin wall, so that they are more like capsules, and seem to be 
loculi of the whole fruit, as in the apple for instance, where the succulent 
portion is derived from the receptacle, and the core consists of the fruits en- 
closing the seeds, which are basal, generally two in each carpel. {Stamens 
indefinite: no epicalyx. Slnubs or tre^s with deciduous stipules. 

I. With stony fruits. 

In the genus Cotoncaster, the fruits project above the receptacle : in Crat®- 
gus, the Hawthorn, they are completely enclosed ; C. oxyacantha, the May, and 
C. monoyyna are common; other species from the East and from North 
America are cultivated; Mespilus, the Medlar, lias a large fruit which is 
surmounted by the five large sepals. 

II. With coriaceous fruits. 

Cydonia, the Quince, has numerous ovules on the ventral suture of each 
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carpel ; the outer layers of cells of the testa are mucilaginous. Pyrus has two 
basal ovules : P. communis and others are the Pear-trees ; the loculi of the 
spurious fruit, seen in transverse section, are rounded towards the exterior ; the 
fruit is not hollowed at the base : P. Malm and others are the Apple-trees; the 
fruit is hollowed at the base, and the loculi, seen in transverse section, are 
; pointed towards the exterior. Sorbus resembles the preceding genus ; S. 
A ucuparia is the Mountain Ash or Eowan-tree. Amelancliier, the Service-tree 
of Canada, has only one ovule in each loculus. 


Order 2. Leguminos-®. Flowers usually ruedianly zygomorpliic, 
perigynous, pentamerous, with calyx and corolla: stamens ten or 
more : ovary of a single anterior carpel : ovules borne on the 
ventral suture : fruit a legume or a 1 omentum : flowers always 
lateral: leaves nearly always compound. 


Sub-order 1. PAriLioxACEiE. Flowers zvgomorphic, papilionaceous. The 
five sepals, one being anterior, are usually connate, forming a tube above the 
insertion of the corolla and the androecium : the five lobes are usually unequal 
and sometimes form two lips, the lower of three and the upper of two teeth : 
petals five, alternate with the sepals, imbricate, so that the anterior petals are 
overlapped by those behind them ; the posterior petal is much enlarged, and is 
called the rc.riUum (Fig. 247 A, fa); the two lateral petals, which are much 
smaller, are termed the aim (Fig. 247 A,jl) ; the two anterior petals are connate 
or sometimes simply apposed, and form a hollow boat-shaped body, the keel, 
or carina (Fig. 247 A, s). In a few cases the corolla is entirely or partially 
suppressed ; thus in Amorpha, only the vexillum is present. The ten stamens 

are either connate, forming a tube, or the 
posterior stamen may be free, so that the 
tube consists of nine stamens, and is incom- 
plete posteriorly (Fig. 247 A) ; rarely the 
stamens are all free : they mostly curve up- 
wards, and diminish in length from in front 
backwards. The ovary, enclosed by the 
stamina] tube, consists of a solitary anterior 
carpel ; it is often divided into two chambers 
by a spurious longitudinal septum, or by 
transverse septa into several chambers. The 
fruit is usually a legume or a lomentum (Fig. 
160 A), rarely one-seeded and indehiscent. 
The flowers are solitary and axillary, or in 
racemes. The leaves are only rarely entire, 



Fig. 217. — Flower of Lotus cornicu- 
latus (somewhat mag.). A With one 
ala removed ; fc calyx ; fa vexillum ; 
fl. ala; s carina. IS With the corolla 
removed ; r tube formed by the sta- 
mens; a, the free stamen; annther; 


n stigma. 

usually palmately or pinnately compound, with often large stipules (Fig. 8 C) 
Tribe 1. Lotece. Leaves simple or compound : stamens diadelphous or 
monadelphous : legume unilocular, or bilocular in consequence of the formation 
of a spurious longitudinal dissepiment, usually dehiscent, many-seeded: coty- 
ledons leafy, epigreal. 

In Ulex the Whin, Gorse or Furze, Genista the Green-weed, Cytisus (Saroth- 
amnus) the Broom, Ononis the Rest-harrow, and Lupinus, the stamens are 
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mona lelphous ; in Genista the leaves are simple ; in Sarothamnus and Ononis 
the leaves are temate; in Ulex the leaves are ternate in seedlings, but in 
mature plants they are scaly or spinous ; in Lupinus the leaves are palmately 
compound. Cytisus Laburnum is a well-known flowering tree. 

In Medicago, Melilotus, Trifolium, and Lotus, the stamens are diadelphous 
and the leaves ternate. Trifolium is the Clover: the stamens are partially 
adnate to the corolla ; the withered corolla persists and encloses the small 
legume : flowers in capitula ; T. pratense , the Red Clover, T. repens , the White 
Clover, and hybridum , which are common in meadows, and T. incarnatum , from 
the East, are cultivated. Lotus corniculatus , the Bird’s-foot Trefoil, with a 
beaked carina and nearly straight legume, is common in meadows. Medicago 
has usually a spirally-wound legume, and a deciduous corolla ; ]\I. falcata and 
lupulina are common ; M. sativa , Lucerne, is cultivated. Melilotus has a 
globular legume ; M. alba and officinalis are common on the banks of the 
streams. Trigonella. 

In Anthyllis, the Kidney-Vetch, the stamens are monadelphous, and the leaves 
imparipinnate. Anthyllis Vulneraria , Ladies’ Fingers, is common in dry pas- 
tures. 

In the remaining genera the leaves are imparipinnate and the stamens diadel- 
phous. Indigofcra tinctoria , in the East Indies, produces Indigo. Glycyrrhiza 
is the Liquorice. Colutea, the Bladder Senna, has a swollen fruit ; C. arbores - 
cens and various species of Caragana are cultivated as ornamental plants. 
Pobinia Pseudacacia , the false Acacia, is a native of North America, but it 
has become naturalized. Amorpha fruticosa is a common shrub, from North 
America. Astragalus has a legume with a spurious longitudinal dissepiment : 
very many species of it occur, especially in the East. 

Tribe 2. Ilcdysarea. Leaves imparipinnate; stamens diadelphous: fruit a 
lomentum, with transverse septa, dividing into segments. Cotyledons leafy, 
epigoeal. 

Hippocrepis and Coronilla are common in meadows ; Onobrychis sativa, tha 
Sainfoin, is cultivated. Arachis hypogeca, the Earth-Almond or Ground Nut of 
tropical America, ripens its fruits in the earth. 

Tribe 3. Yiciece. Stamens diadelphous: legume unilocular; cotyledons 
hypognoal ; .leaves paripinnate and usually cirrhose. 

Vicia sativa , the Vetch, and V . Fab a, the Bean, are cultivated : other species 
occur wild. Pisum sativum and arvense , the Pea, are cultivated. Krvum lens , 
tho Lentil, belongs to Southern Europe. Various species of Lathyrus and 
Orobus occur wild in woods ; L. odoratus and others are cultivated. 

Tribe 4. Phasrolra*. Stamens diadelphous : legume unilocular ; cotyledons 
usually epigaeal, but not leafy: leaves usually imparipinnate, frequently ter- 
natc. 

Phaseolus vulgaris , the French Bean, and P. multiflorus , the Scarlet Runner, 
are cultivated. IVistaria chinensis is an ornamental climber. Physostigma is 
the Calabar Bean. 

Tribe 5. Dalbcrgiea. Stamens mono- or diadelphous : legume indchiscent ; 
cotyledons fleshy. 

Pterocarpus. Dipterix odorata , the Tonka Bean of South America, contains 
coumarin in the seed. 
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Tribe 6. Sophorece . Stamens all free. Sophora japonica and CladrattU 
lutea are ornamental plants. Myroxylon. 

Sub-order 2. C/bsalpinie.®. Flower zygomorphic, but not papilionaceous 
(Fig. 248) ; petals imbricate, so that tho posterior petal is overlapped by those 
anterior to it ; stamens ten or less, free, more rarely connate : the legume is 
frequently divided by transverse septa, and is indehiscent : flowers in panicles 
or racemes. 

Gleditschia triacanthos and other species are cultivated for ornament. Cercis 
siliquastrum , the Judas-tree, has rounded leaves. The wood of Casalpinia 
Irasiliensis is known as Pernambuco or Brazil wood. 

Sub-order 3. Mimose®. Flowers actinomorphic, * with valvate aestivation : 
stamens ten, rarely fewer, frequently very numerous, free (Fig. 249), usually 


Fio. 249.— Flower of an 
Acacia (mag.): k calyx; e 
corolla; st. stamens, with 
(tin) anthers ; n stigma. 

much longer than the perianth : legume sometimes divided by transverse septa. 
The flowers usually grouped in spikes or capitula. 

Mimosa pudica, the Sensitive Plant, has irritable leaves. Species of Acacia 
are numerous in Africa, Asia, and Australia. Jn the Australian species the 
leaves are represented by flattened petioles (phyllodes) which are extended in the 
median plane. 

Order 3. Craspulace,e. Formula Ivn, Cn, An [ + n ], Gn , where 
n = o — 30: flowers perigynous, with two (rarely one) wliorls of 
stamens : gynoecium apocarpous, carpels opposite to tho petals, 
with a scale (disc) behind the carpels : ovules numerous, mar- 
ginal: fruit a follicle: seed with endosperm : inflorescence usually 
cymose. Plants with entire fleshy leaves, arranged spirally, often 
in rosettes. 

The genus Scdum has usually pentamerous flowers ; Sedum acre , the Stone- 
crop, is common on walls and rocks : S. maximum and others are common. 
The genus Sempervivum lias at least G-merous flowers ; S . tectorum , the House- 
leek, and other species, Echeveria, Crassula, etc., are frequently cultivated. 

Order 4. Saxifragacej:. Flowers usually 4-5-merous, epigyn- 
ons or perigynous : stamens usually in two whorls : carpels less 
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nnmepons, usually connate below and free above : seed containing 
endosperm. 

Tribe 1. Saxifrages. Flowers perigynous or epigynous, actinomorphic or 
zygomorphic : petals with imbricate aestivation : two whorls of stamens, or 
only one (opposite to the sepals) : carpels usually two, diverging above : in- 
florescence of racemose cymes: fruit a capsule: leaves alternate. 

The genus Saxifraga has a bilocular ovary, but the flower is otherwise penta- 
merous ; the receptacle invests the lower connate portion of the ovary. Many 
species occur in mountainous districts, and in several of them there is a deposit 
of carbonate of lime on the margins of the leaves; only a few species, such as 
S. tridactylites and granulata , occur in the plains; S. sarmentosa is frequently 
cultivated indoors. The genus Bergenia has a free ovary (Fig. 250) ; B. bifolia , 
from Siberia, is an ornamental plant. The genus Chrysosplenium lias a tetra- 
merous flower destitute of a corolla ; they are small plants, somewhat re- 
sembling a Euphorbia, occurring in damp places. 



Fig. 250. — Longitudinal section of the ovary of Bergenia: y style; n stigmas; p placenta 
(mag.) (After Sachs.) 


Tribe 2. Parnassies. Flowers perigynous, actinomorphic ; the five stamens 
opposite to the petals are transformed into glandular stamiuodos ; petals with 
imbricate activation : ovary 4-locular : ovules numerous : fruit a loculicidal 
capsule : leaves alternate. 

P amass ia pahtstris has a whorl of radical leaves, and terminal and lateral 
peduncles, each bearing a single flower and adnate to a bracteole : it is frequently 
found in damp localities. 

Tribe 3. Hydrangea!. Flowers epigynous, actinomorphic, with two whorls of 
stamens : petals with valvate activation : leaves opposite. 

Hydrangea hortensis is a well-known garden plant. The inflorescence is an 
umbellate panicle, the marginal flowers of which (in cultivated plants all of 
them) are tetramerous; they have a very much enlarged calyx, and only the 
whorl of stamens opposite to the sepals ; they are sterile. 

Tribe 4. Fhiladelphecc. Flowers epigynous, actinomorphic, 4-5-merous: 
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stamens in two whorls, or indefinite: petals with various ©sthation. leaves 
opposite : fruit a capsule. 

Pliiladelphus coronarius (called Syringa or Mock Orange) has sweetly -scented 
flowers, Deutzia scabra, crcnata , and others are cultivated. 

Tribe 5. Ribesiacea. Flowers epigynous, actinomorphic, pentamercus : 
stamens opposite to the sepals: carpels two: fruit a berry: leaves scattered: 

palmate : inflorescence racemose. Shrubs. 

Several species of Bibos, the Currant, are 
cultivated ; R. rubrinn is the lied Currant, 72. 
nigrum the Black Currant, R. Grossularia the 
Gooseberry : the spines of the last species are 
developed from the pulvinus. 



Order 5. Drosfrace.f. Floral formula 
A5, C5, A 5, G- or ® : flowers actino- 
morpliic, perigynous or hvpogynous : 
ovaiy unilocular, ovules borne generally 
on parietal placentas, but they are some- 
times basal. Herbs : leaves ex stipulate, 
with glandular, hair-like appendages 
which serve to capture insects (see Fig. 72). 


Fig. 252.— Flower of Itibes 
(matr.) : s pedicel ; k calyx ; c 
corolla; fit Btamens ; b disc; g 
styles. 


Drosera has a scorpioid inflorescence borne on a scape without hracteoles ; 
the leaves are r'adical and are fringed with glandular appendages, each of which 
is traversed by a fibro-vascular bundle. A. rotundifolia and intermedia , the 
Sun-dews, are found on wet heaths. Aldrovanda vesiculosa is a floating water- 
plant of Southern Europe ; its whorled leaves fold up when stimulated ; flowers 
solitary, axillary. Dioiuea muscipula , Venus’ Fly-trap, occurs in North America; 
it has leaves which likewise fold together when touched ; flowers with 10-20 
stamens and basal ovules. 


Order 6. Hamamelideje. Flowers frequently diclinous and 
apetalous, perigynous or nearly epigynous ; ovary usually bilocular : 
leaves stipulate. 

Hamameli* virginica , the Witch-Hazel, is an ornamental shrub from North 
America, the leaves of which somewhat resemblo those of the Hazel. 


Order 7. Haloeagidej:. Flower perigynous or epigynous, usually 
tetramerous throughout ; stamens in two whorls : sometimes the 
corolla or the whorl of stamens opposite to the petals is wanting : 
seed containing endosperm. 

Trapa natans , the Water- Chestnut, a not very common water-plant of central 
Europe, has a stem bearing a rosette of leaves which float on the surface of the 
water ; in the axils of these leaves the flowers are borne singly : their formula 
is A4, C4, A 4, G (-2-), and they are perigynous : the fruit is indehiscent, and the 
sepals remain adherent to it in tfie form of four horns. 
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Myriophyllum vnticillatum and spicatum , the Water-Milfoils, are aquatic 
plants with finely divided leaves and small flowers borne above the water in 
torminal spikes. 


Order 8. Hippuridea?. Flowers sometimes unisexual, born* 
singly in the axils of the whorled leaves : the calyx is indicated by 
a projecting rim on the ovary, and it invests also a single anterior 
stamen : petals 0 ; stamen 1, epi- 
gynous: the monomcrous ovary 
contains a single suspended ana- 
tropous ovule. 

Ilippuris vulgaris, the Mare's tail, 
grows in water and in damp places : 
the stem projects out of the water. 

Order 9. Callttrtchine.*. 

Aqu atic plants, with decussate, 
linear or ovate leaves, in the axils 
of which stand the solitary diclin- 
ous flowers which are destitute of _ 

Fio. 258.— Fart of a flowering stem of 

a perianth ; the male flowers con- llippuris vulgaris. The leaves are cut away, 
sist of a single stamen, the female ( Affcer Sachs.) 

of a bilocular, spuriously qnadrilocular, ovary, with four suspended 
ovnlcs the micro pyles of which are directed outwards. 

Callitriche verna and others are either submerged or they creep on muddy 
banks. 



SERIES II. DISCIFLORvE. 

Sepals free or coherent: petals in a single whorl: stamens usually 
definite, and hypogynous : a disc is usually present : gynoecium 
syncarpous or apocarpous. 

Cohort 1 . Sapindales. Flowers often unisexual: the insertion 
of the stamens is various : gynoecium usually syncarpous. Usually 
trees. 

Order 1. SAPrxuACE.E. Flowers usually obliquely zygomorphic, 
in that the two petals of one side are larger and of somewhat 
different form to the three others ; of these, one, which lies in the 
plane of symmetry, is sometimes wanting : three stamens are 
usually suppressed, so that the number is reduced to seven ; they 
are inserted within the disc : the ovary is trilocular ; ovules two in 
each loculus : seeds without endosperm. 
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iEsculus has opposite, palmately compound, exstipulate leaves : the flowers 
are in terminal scorpioid racemes : the fruit has a loculicidal dehiscence ; JE. 
Hippocastanum is the Horse-Chestnut, derived from Asia. JE. earned , JE. 
Pavia , and other species are frequently cultivated. A great number of genera 
and species grow in warm climates ; they have generally scattered pinnate leave*. 
The fleshy fruit of Sapindus Saponaria makes a lather with water like soap. 



Fig. 254.— Floral dia- Fig. 255. — Fruit of A. platanoidcs, dividing into two 

gram of ^Ksculus. mericarps m; s pedicel ; Jl wings (nat. size). 


Order 2. Aci5RiNE.fi. Flowers usually actinomorpliie : stamens 
eight, in consequence of the suppression of the two median ones, 
variously inserted : ovary bilocular ; ovules two in each loculus ; 
when ripe the fruit splits into two one-seeded winged mericarps 
(samaras) (Fig. 255) ; leaves opposite, palmately lobed, exstipulate: 
flowers in terminal racemes, sometimes in corymbs, with an apical 
flower : seeds without endosperm. 

The principal species of Acer, the Maple, are A . pseudnplatarws , the Sycamore, 
having leaves with cremate margins, flowers in elongated pendulous racemes, 
blooming after the unfolding of the leaves, and parallel-winged fruits; A. 
platanoidva , having leaves with serrate margins, flowers in short erect racemes 
blooming before the unfolding of the leaves, and fruits with widely diverging 
wings (even more than in Fig. 2 55) ; A. enmpestre , the common Maple, which 
is sometimes shrubby, with a trilobate leaf, short erect racemes of flowers which 
bloom after the unfolding of the leaves, and fruits with wings which are dia- 
metrically opposite. Some North American species are often cultivated, such as 
A. rubrum, with five stamens opposite to the sepals; A. daxycarpum , with the 
same number and position of the stamens, without any corolla, and having 
dioecious flowers; A. N eg undo, with pinnate leaves, and dioecious flowers like 
those of the preceding species. Sugar is prepared from the sap of A . nigrum 
and daxycarpum especially. 

Order 3. TerebinthacejE (Anacardiaceje). Flowers usually 
actinomorpliie, and often diclinous : »>t aniens usually inserted on 
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the disc, hut disc sometimes absent : gynoecium of but few carpels ; 
sometimes one only is developed, the others being represented by 
two or more stigmas : resin-ducts present : seeds without endosperm. 

Various species of Ithus are cultivated as ornamental plants; in lihug cotinus 
many of the flowers are abortive, and the hairy peduncles become much 
elongated ; R. cvriaria (Southern Europe) is used in 
tanning. Ristacia rrra , in Southern Europe, bears 
edible fruits ; in its flower the petals and the stamens 
which are opposite to them are suppressed. 

Order 4. Staph yleaceas. Flowers aotino- 
morphic, pentamerous : stamens external to the 
disc : ovules numerous : leaves decussate, pin- 
nate, stipulate : seeds with small endosperm. 

Fig. 250— Floral dia- 

Staphylea pinnata is grown in gardens. gram of Rhus. 



Cohort 2. Celastrales. Flowers actinomorphic, 4-5-merous; 
one whorl only of stamens, which either alternates with or is 
opposite to the petals, is usually present: disc usually within, 
sometimes external to, the andreecium: ovules usually erect: the 
seed nearly always contains endosperm. Trees or shrubs. 

Order 1. Cel a striked. Formula, 7vn, On, ^ln + 0, G (n) or less, 
n = 4 or 5 : sepals imbricate : stamens and carpels inserted on a 
flattened disc; stamens alternate with the petals: usually two ovules 
in each loculus of the ovary : leaves scattered, entire, stipulate. 


In the genus Euonymus, the Spindle-tree, the loculicidal capsule is invested 
by an orange-coloured arillus ; E . eurupccus occurs both cultivated and wild. 


Order 2. Riiamne.ts. Formula 7\Tn, On, 
| .40 + n, 0-- ; n = 4 or 5 : calyx usually 
gamosepalous, valvate : petals usually 
small and often liood-shaped (Fig. 257 c), 
enclosing the stamens which arc opposite 
to them : flowers sometimes diclinous ; 


usually a single ovule in each loculus of 
the ovary, which is invested by a disc ; 
leaves usually scattered, entire, stipulate : 
fruit a drupe or a capsule. 

Rhmmms cathnrticn , the Buckthorn, has op- 


Fig. 257. — Flower of Rhamnu* 
Framjn la (mag.): k t-cpals con- 
nate at the base into a tube (il ; 
c Lood-shaped petals enclosing 
the stamens (<i). 


posite leaves and thorny twigs: the berries of R. infectorius , in Southern 
Europe, yield a gveen or yellow dye: R. Frangula has scattered leave®*, its 
wood produces a particularly light charcoal. 
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Order 3. Ampelidea;. Formula same as in Rhamne©: sepals 
small; the corolla is often thrown off before it opens (Fig. 258 A, c) : 
a glandular disc between the andrcrciuin and the gyncncium : ovules 
one or two in each loculus : fruit baccate. Climbing plants, with 
palmate exstipulate or stipulate leaves. 


Vitis vinifera , the Grape-Vine, probably derived from the East, is cultivated 
in endless varieties ; other species, such as V. vuJpina and Labmsca, as also 
Ampdopsis hcderacea , the Virginia Creeper, are also frequently cultivated. The 
tendrils of the Vine (Fig. 15 A) are branches bearing scaly leaves in the axils 

of which other branches 
arise : their peculiar posi- 
tion opposite to the foliage- 
leaves may be explained 
as follows: the ordinary 
shoots are sympodia, and 
each tendril is the ter- 
minal segment of a mem- 
ber of the sympodium ; 
the following member is a 
shoot springing from the 
axil of the foliage-leaf 
which is opposite to the tendril. Every third leaf has no tendril opposite to it, 
that is to say, the members of the sympodium bear alternately one or two 
leaves. The inflorescences occupy the same positions as the tendrils. Each 
leaf has also a bud in its axil, which either remains undeveloped or gives rise 
to a dwarf-shoot : from the axil of its cataphyllary leaf an ordinary shoot is 
developed. 



Fig. 25R. — Flower of Vitis vinifera, and diagram. A At 
the moment of opening. B Open; k calyx ; c corolla; d 
glands ; e stamens ; / ovary ; n stigma (slightly mag.). 


Cohort 3. Olacales. Flowers sometimes unisexual, 4-5- (rarely 
6-) merous, formula same as Colastrineoe : disc various or wanting. 

Order 1. Ilicineag (Aquifoliaceas). Disc wanting: one or two 
suspended ovules in each loculus of the ovary : stamens free, or 
adnate to the petals: petals often connate at the base: leaves 
scattered, exstipulate. 

Ilex aquifolium , the Holly, with its coriaceous, spinous, evergreen leaves, is 
common in plantations and woods: fruit a berry. The leaves known in com- 
merce as Paraguay tea are derived from 1 . Paraguay ensis in South America. 

Order 2. Empetrea;. Disc wanting : ovules solitary, ascending : 
flowers dioecious, with three sepals, tlirco petals, three stamens, 
and a 6-9-locular ovary: fruit of G-9 drupes. They are shrubs 
resembling Heaths in appearance. 

Empetrum nigrum is a small shrub occurring in the north of Europe and in 
the Alps. 
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Cohort 4. Geraniales. Flowers usually pentamerons through- 
out ; the carpels are opposite to the petals : ovary usually 5-loculat, 
with 1 or 2 suspended ovules ; the riiieropyle is directed inwards : 
disc various or wanting : formula K5, (75, A5 4- 5 | G®. 

Order 1. Geraniace#:. Disc glandular : flowers usually actino- 
morphic : two ovules in each loculus ; the ovary is prolonged into 


a Leak (carpophore) (Fig. 250 A , a) ; 
the fruit is septicidal from below up- 
wards, the separate carpels (cocci) 
rolling up (Fig. 259 B). Seed devoid 
of endosperm. Herbs ; leaves simple, 
stipulate. 

Geranium pratensc , sylvaticum , sanguinewn, 
and columbinum , the Crane's-bills, are wild in 
England ; G. Robert ianum, Herb-Kobert, is 
universally distributed. Erodium, the Stork's- 
bill, has the 5 stamens which are opposite to 
the petals transformed into staminodes ; E. 
cicutarium is common in waste places. Pelar- 
gonium, in many varieties, is a well-known 
garden plant : the flowers are zygomorphic, 
and the posterior sepal is provided with a spur 



which adheres to the pedicel. 


A B 


Order 2. Ltnete. Disc 0 : formula Fio. m-Frait of Geramam. a 

Ar , £ | n Before, B after dehiscence; s pe- 

A5, (75, Ab+ tb,\ (u-) : flowers ac- dicel ; / loculi of the ovary ; a the 

tinomorphic, rarely all the whorls are beak ; n stigma; b column of the 

tetramerous : the whorl of stamens op- sei>La ^ mag ^ 
posite to the petals is replaced by staminodia : each loculus of the 
ovary contains two ovules, and is often divided into two by a more 
or less complete false dissepiment : seeds usually contain endosperm : 
capsule septicidal. Herbs or shrubs ; leaves simple, entire, with or 
without stipules. 


Linum usitatissimum is the Flax: the strong bast-fibres aroused in weaving 
linen ; the seeds contain oil ; the walls of the outer cells of the testa are muci- 
laginous. 


Order 6. Erytiiroxyleje. Flowers actinomorphic : petals five, 
with a ligular appendage : stamens ten, connate at the base by 
means of a disc and forming a tube : ovary 2-3-loeular, with one 
suspended anatropous ovule in each loculus : seed with endosperm. 

The wood of most of the species contains a red dye. The leaves of Erythrr g- 
to* Coca is chewed by the Peruvians as a stimulant. 
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Order 4. Oxalidejs. Disc 0: flowers actinomorpliic; formula 
Kb, (75, ^45 + 5, | G & ; stamens ten, connato at the base; those 
which are opposite to the sepals are the longest: ovules numerous; 
fruit a capsule or more rarely a berry : seed containing endosperm. 
Herbs, with compound, generally exstipulate leaves (Fig. 71). 

Oxalis AcrtnseUa , the Wood sorrel, is frequent in woods ; it coutains much 
potassium oxalate. The tuberous roots or underground steins of some American 
species as 0 . esculenta , crenata , and Deppci contain much mucilage and are used 
as food. 

Order 5. Balsamine.e. Disc 0 : flowers zvgomorphic ; formula 
Kb, (75, -45 + 0 | G- : the posterior sepal is spurred, and the two 
anterior are small or absent: the anterior petal is large; ovary 
5-locular; ovules numerous; the fruit is loeulieidal, the valves 
separate elastically and roll upwards, so that the seeds are pro- 
jected to some distance. Herbs, with simple exstipulate loaves: 
seeds without endosperm. 

Im pattern Noli -vie -tang ere, the yellow Wild Balsam, occurs in damp and 
shady spots; the ripe fruit flies open with violence at a touch. Impatient 
balsamitia , an Indian species, is cultivated. 

Order 6. Tuoimcoleje. Disc 0 : flowers zvgomorphic ; formula 
Kb, (75, -44 + 4, G® : the posterior sepal is prolonged into a spur; 
the three inferior petals are clawed and ciliate: the two median 
stamens, one belonging to each whorl, are suppressed : one ovule in 
each of the three loculi of the ovary : seeds without endosperm. 
Herbs, leaves exstipulate. 

Tropceolum majus and minus, known as Nasturtium, arc universally cultivated. 

Order 7. Zygopjiyllejj. Disc fleshy: flowers actinomorpliic, 5 or 
4-merous. Herbs or shrubs with decussate, generally imparipin- 
nate, stipulate leaves : seeds with endosperm. 

Lignum Vitce is the wood of Guiacum officinale (West Indies). 

• Order 8. RutacevE. Disc usually annular : 

flowers usually actinomorpliic : gyneeeium some- 
times partially apocarpous, but the styles are 
usually connate: seeds with or without endo- 
sperm. There are numerous oil-glands on the 
leaves and stems. 

Sub-order 1 . Kutete. The placentas project into the 
Fig. 2(50.— Diaffram of loculi of the ovary ; each bears 3 or more ovules : fruit a 
tbe flower of Dictamnus. loeulieidal capsule : seed with endosperm. Jtuta graveo- 
lens, the Rue, has pentamerous terminal flowers, and tetrameroua lateral 
flowers. Dictamnus Vraxinella has a zygomorphic flower. 
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Sub-order 2. Diosme.se. Ovules 2 in each loculus: leaves simple: seeds 
without endosperm. 

Barosma, Agathosma, Empleurum. 

Sub-order 3. XanthoxylejE. Flowers usually dioecious and polygamous: 
endosperm usually present. 

Xanthoxylum fraxincum, from North America, is a shrub which is sometime* 
cultivated. 

Sub-order 4. Toddalieje. Gyncecium syncarpous: fruit indehiscent, winged, 
dry or succulent : seeds with endosperm. 

Pte'ea tri/uliata is a North American shrub with white flowers. 

Sub-order 5. Aurantjeje. Gyncecium syncarpous: calyx gamosepalous : 
seeds without endosperm. 

The genus Citrus has an indefinite number of bundles of connate stamens 
(polyadelphous) (Fig. 2G1 A ), produced by the branching of the five stamens 
which are opposite to the sepals : the carpels are usually more numerous than 
the petals, and during ripening they become filled with a succulent tissue derived 



Fio 261. — Flower and floral diagram of Citrus. A Open ; c corolla ; * the partially connate 
stamens; n the stigma. D Bud ; fc calyx ; c corolla; d oil-glands. 

form tbeir walls ; the various parts of the flower and the fruit contain much 
ethereal oil : the leaves, which are typically piuuate, are reduced to their terminal 
leaflet, which is articulated to the winged petiole (Fig. 11 G ). 

Citrus medica, and Limonum , are Lemons: Citrus vulgaris or Aurantium is 
the Orange, derived originally from tropical Asia. 


Order 9. Meuacej:. Disc various: stamens monadelphous; the 
filaments have stipulate appendages ; no oil-glands. 

Mahogany is the wood of Sicietenia Mahagoni (America). The wood of species 
:>f Cedrela is often erroneously termed “ cedar-wood.” 

Order 10. Simarubej:. Disc conspicuous: flowers actinomorphic, 
sometimes diclinous : stamens often more numerous than the petals : 
gyncecium sometimes apocarpous: ovule usually solitary in each 
loculus : there are no oil-glands in the leaves, hut the cortex and 
wood contain a bitter substance. 

Ailantlius glandulosa , from China, is a tree with multijugate pinnate leave? 
and a winged indehiscent fruit ; it is often cultivated. 


X 
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Order 11. Buuseraceje. Disc usually annular: flowers actino- 
morpliic: gynoecium syncarpous; ovary with two ovules in each 
loculus: there are resin-passages in the bast. 

Boswcllia serrata (East Africa) yields Olibanum, a gum-resin ; Bahamodendron 
Myrrha yields the gum -resin Myrrh (Arabia). 


SERIES III. TIIALAMIFLOR.E. 

Sepals usually free: petals often indefinite: stamens hypogynous, 
often indefinite: gynoecium apocarpous or syncarpous. 

Cohort 1. Malvales. Flowers cyclic, generally pentamcrous, 
actinomorphic : calyx often gamosepnlons, with valvate aestivation, 

corolla with usually contorted 
aestivation; stamens originally in 
two whorls, generally branched 
and often connate: carpels five, 
often forming a multi locular 
ovary. 

Order 1. Ti maces. Sepals 
usually free. In the indigenous 
species the staminal whorl oppo- 
site to the sepals is suppressed ; 
stamens branched, the separate 
branches of the filament free or 
connate only at the base, opposite 
to the petals: anthers 2-locular, 
opening by pores or valves : ovary 
5-locular, each loculus containing 
two ovules ; but the fruit is 
generally only one-seeded. Mostly 
trees or shrubs : leaves alternate, 
stipulate. 

The only indigenous genus is Tilia, 
the Lime-tree. It has oblique leaves 
with deciduous stipules ; the annual 
shoots have not a terminal bud. The 
inflorescence is cymose, few-flowered; 
the peduncle is adnate to the leafy 
bud. Attached to the peduncle is the bract bract; this is brought about in the fob 
(h): > «alyx ; c corolla ; 8 stamens; f ovary ; lowing manner : in the axil of the leaves 
kn flower-bud 'nat. size). there is usually a bud, together with an 

inflorescence (Fig. 262); the bract (Fig. 262 h) and the bud-scale which i? 
opposite to it are the first two leaves of the axillary shoot whicli is terminated 
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by the inflorescence, the peduncle of which is adnate to the bract for some 
distance * the bud is a winter-bud developed in the axil of the above-mentioned 
bud-scale. The inflorescence itself terminates in a flower; other flowers are 
borne in the axils of its two bracteoles, and other flowers again maybe developed 
in the axils of their bracteoles, and so on. T. grand if alia, the Large-leaved 
Lime, has a few-flowered inflorescence, and leaves which are bright green and 
downy on the under surface : T. parvifolia has an inflorescence which consists of 
a large number of flowers, and has Leaves which are bluish-green and pubescent 
with red hairs on the under surface. T. intermedia is the common Lime. In 
tho American species- the internal branches of the stamens are staminodia. 
Corchorus, in the East Indies, yields Jute, which consists of the bast-fibres. 

Order 2. Sterculiacete.. Calyx gamosc patous : the stamens which 
a, re opposite to the petals are usually doubled or branched; those 
which are opposite to the sepals are staminodes or they are sup- 
pressed : anthers 2-locular: the corolla is sometimes wanting. 

Theobromo Cacao is a tree of tropical America, the seeds of which contain 4 
nitrogenous suh:dauce, Theobromine , and a fixed oil; from, them Chocolate is 
prepared. 



Fifl. 203 .— A Flower of. Halva AJcea (t at. site): k calyx; c corolla; s connato stnineiiR, 
with tho ai there (a); n stigmas, i? Fruit of Allhc ca rosea inclosed in (fc) the calyx: nh 
epicalyx. C The same after the removal of the calyx. I) A single loculus of the same in 
longitudinal section : 8 seod; w radicle ; it cotyledon of the embryo (mag.). 

Order 3. Malvaceae. Calyx usually gamosopalous, frequently in- 
vested by an epicalyx; the corolla is arinafe at the base to tho 
androecium : the andrcecium is a long tube (Fig. 263 .1 s') consisting 
of five branched stamens which are opposite to the sepals; each 
lilament bears only half an anther, which is regarded as a unilocular 
anther (Fig. 263 A a) : ovary multilocular, splitting into cocci (Fi^ 
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2G3 G f) 9 with usually one ovule in each coccus (Fig. 263 1) s) 
Under-shruhs or herbs: leaves stipulate and generally palmatcly 
veined. 

Malva, the Mallow, lias an epicalyx of three bracteoles, Hibiscus has cue of 
many bracteoles, and Althaea, the Marsh-mallow, lias one of G-9 bracteoles ; 
Althaea rosea is the Hollyhock; several species of Malva are indigenous, A/. 
sylvestris , rotundifolia, and moschata. Gossypiutn herbaceum in Egypt, G. 
arboreum and religio&um in the East Indies, and G. peruvianum and hirsutum 
in America yield Cotton, which consists of the long hairs on the testa. 

Cohort 2. Guttiferales. Flowers cyclic, actinomorphic, anti 
generally pentamerous: sepals usually free, with imbricate Aesti- 
vation : stamens usually indefinite in consequence of branching : 
gynoocium syncarpous, ovary uni- or niultilocular. 

Order 1. Hypeuicinej:. Formula, 7w>, 05, ^10 + 5°°, G® or A0 + 
3 30 , G~. Sepals sometimes united at the base : stamens five, 
branched, and therefore polyadelphous, superposed on the petals in 
consequence of the suppression of an outer whorl of stamens which 
is indicated by staminodes in some foreign 
genera : ovary uni- or niultilocular or many- 
chambered : capsule septicidal : ovules nu- 
merous, anatropous ; placentas parietal or 
axile : seed devoid of endosperm. Herbs or 
under-shrubs with decussate entire leaves, 
which are dotted over with translucent uil- 

Fio 2GI. — Diagram of Hyperi- . 

cum . glands ; ex.su palate. 

Hypericum perforatum , hirsutum , and huiuifur'-im (St. John's Worts) occur 
\s ild in woods and meadows. 

Order 2. Elati>:e.e. Water-plants with entire leaves, opposite or 
in whorls: flowers actinomorphic, 4-C-mcrous; formula 2vn, On, An 
+ n, 6r solitary, without bracteoles, borne in the axils of the 
foliage-leaves. 

E. hexandra and Hydropiper (Watcrworts) occur, but not commonly, in 
England. 

Order 3. TEUXSTUfEMiACibE. Perianth spiral ; the calyx is not 
clearly distinguishable from the numerous bracts; stamens in- 
definite: ovary niultilocular. Trees or shrubs with scattered, 
generally coriaceous, entire leaves, without stipules. 

Camellia japonica is a favourite ornamental shrub: Thca chinensis, of wliicli 
the dried leaves are tea; black and green tea aio varieties resulting cnly ficm 
the mode of drying the leaf. 



GROUP IV. — PHANEROGAMS. 309 

Order 4. Clusiacej: (Guttifer;e) Trees or shrubs with diclinous 
flowers. 

Order 5. Dipterocarpe,®. Trees; leaves usually stipulate; the 
gamosepalous calyx enlarges very much during the ripening of the 
fruit. 

Dryobalannps Camphor w, a native of Sumatra, yields the Borneo Camphor. 

Cohort 3 Caryophyllinae. Flowers cyclic, actinomorphic, and 
generally petamerous : calyx often gamosepalous : stamens usually 
definite: ovary unilocular, with basal placentas. 

Order 1. Caryopii yu.ace.e. Flowers generally petamerous, with 
calyx and corolla, though the latter is suppressed in some cases; 
sepals distinct or coherent: stamens in two whorls, of which the 
inner is often wanting; ovary 2, 3, or 5-merons, unilocular, nr 
multilocular at the base, with a central placenta or with a single 
basal ovule: fruit usually a capsule: leaves opposite, decussate: 
stems usually tumid at the nodes. 

Tribe 1. A lain cm. The corolla 
and the inner whorl of stamens 
are usually present ; the alyx is 
eleutherosepalous ; fruit a cap- 
sule ; usually no stipules. 

Sagina, Arenaria, Alsine, Cer- 
astium, Stellaria, Spergula, Holo- 
steum, and others, are small her- 
baceous plants with white peta'*, 
occurring in meadows, on road- 
sides, etc ; they are distinguish • 1 
from each other principally by 
the number of carpels present 
and by the mode of dehisetenee of 
the fruit. 

Tribe 2. Silencer. The corolla 
and the inner whorl of stamens Fig. longitudinal section of tho flower of 

are always present: the calvx is g'"" 8 » > Mfo,0 "? e * “ xia bet " een th9 

, calyx and tho corolla; * ligular appenuages or 

gamosepalous ; stamens 10, fila- corono . (Atter Stlclls ) 

ments connate at base: the fruit 

is a capsule (in Cucubalus a berry) : the leaves have no stipules; the floral axis 
is often elongated between the calyx and th,' corolla (Fig. 205 y ) : the petals (as 
in Lychnis and Saponaria) often have ligular appendages (Fig. 205 x). 

The species of Dianthus, the Pink, which commonly occur wild are D. deltoid' < 
and Armeria ; D. Canjophyllua, the Carnation, and D. chincnais are well-known 
garden flowers : there are two styles and the calyx is surrounded at its base by 
bracteoles. The genus Saponaria has two styles but no bractcoles; S. officinal /?, 
*die Soap-wort, occurs on the banks of rivers. The genus Sileue (Catchfly) li&* 
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three styles; S. injlata , nutans , and others, are common in meadows. The 
genus Lychnis (Campion) has live styles; the species vespertina and diur'ia are 
dioecious. Agrostemnia Githago , the Corn-cockle, is common in fields. 

Tribe 3. Polycarpea. Leaves with scarious stipules: calyx clentliero- 
sepaioiis; the corolla is present, but the inner whorl of stamens is wanting: 
style 3-fid. This group includes the genus Polycarpon and others. 

Tjibe 4. Paronychiea. Leaves with scarious stipules: sepals distinct oi 
coherent: the corolla and the inner whorl of stamens arc usually wanting : style 
usually bifid : ovary unilocular, with a single ovule. 

Sclera nth ns annuus and pnenni* (Knawel), Herniaria, Corrigiola, and Illece- 
bruin are small inconspicuous herbs. 

Order 2. Portulacacra?. Csdyx usually of 2 sepals and corolla of 
3 petals; stamens usually cpipetalous ovary usually trim crons 
and unilocular; fruit a capsule. They are herbs with alternate or 
opposite leaves ; the corolla is fugacious. 

Vorlulaca oleracea , the Purslane, from Southern Europe, and other species 
arc cultivated as vegetables and as ornamental plants. Montia (Blinks) lias a 
gamopetalous corolla, slit up one side ; it grows in ditches or in damp places. 

Order 3. Tamariscjneas. Flowers actinomorphic, 4- or 5-merous, 
with one or two whorls of stamens: calyx gamosepalous : ovary 
usually trimerous, unilocular, with basal or parietal ovules: capsule 
loculieidal : seed without endosperm, having a crown of hairs : 
flowers in racemes or spikes. 

The genus Tamarix is indigenous in Southern Europe ; T. gal'ica has become 
naturalized in England. 



Cohort 4. Polygalinae. Flowers actinomorphic or zygo- 
morphic, usually pentamerous : sepals usually distinct: stamens 

definite: gynceciuiri 
usually of two ear- 
pels ; ovary usually’ 
bilocular. 

Order 1 . Poly- 
liALACEjs. Flowers 
zygoinorphic ; the 
two lateral sepals 
conspicuously large 
and known as 
“wings” (Fig. 2G6 
//) ; petals three, 
the two lateral being absent; the anterior petal is very large and 
carinate: stamens usually eight, forming a tube open posteriorly, 



Fib. 266.— Flower of Pohjr,ula grandiflora. A Seen fiom out- 
side after the removal of the wing-sepal. B Longitudinal 
section: k calyx; V wing; c corolla; s tube of stamens. (Aftor 
Sachs.) 
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to which the corolla, or at least the anterior petal, is adnate (Fig. 
266) : carpels two, median, forming a bilocular ovary, each loculus 
containing a single suspended ovule : fruit usually a capsule. The 
flower somewhat resembles that of the Papilionacese, but it must 
be borne in mind that here the two “ alse ” or wings belong to the 
calyx. 

Poly gala vulgaris , amara , and others, are herbs, woody at the base, occurring 
in woods and meadows. 

Order 2. Pittospore.e. Flowers actinomorphic : stamens five: 
ovules numerous, attached to the usually unconnected septa: leaves 
simple, exstipulate. 

Pittosporum Tobira , undulatum , crasnfolium , are ornamental plants from 
Australia. 


Cohort 5. Parietales. Flowers cyclic, with calyx and corolla: 
sepals free: stamens definite or indefinite: gynoecium of two or 
more carpels; ovary unilocular or many-chambered : parietal 
placentation : seed with or without endosperm. 

Order 1. Pa pave r- 
ace.e. Flowers actino- 
morphic, Ja2, C2 + 2, 

A cc G { - ] or (oc), or 
rarely with trimorous 
whorls : calyx sepa- 
loid, corolla petaloid: 
the numerous whorls 
of stamens alternate: 
ovary of two lateral 
carpels (in Fig. 267 A 
they have been 
wrongly represented 
as being median) or 
of more (Fig. 267 u), two- or more-chambered: ovules numerous, 
attached to the slightly infolded edges of the carpels: endosperm 
abundant, embryo small. The sepals commonly fall off before the 
(lower expands (Fig. 267 K). Plants with abundant milky juice. 



Fig. 207.— Flower of CHelidouium majM# (nat. size): k calyx; 
cu outer; ci inner petals; a stamens ; n stigma. A Diagram 
of tho flower of Chclidonium (tbe carpels ought to be lateral): 
a Uyuoecium of Papaver. 


Papaver, the Poppy, has a many-chambered ovary ; the iiuit is a porous 
capsule (Fig. ICO D). P. somniferum is cultivated for the sake of the oil 
contained in the seeds, and as a medicinal plant : P. Phocas is common in 
cornfields. Chelidonium majus , the Celandine, has two carpels, a siliquose fruit 
and orange -coloured milky juice. Eschscholtzia calif arnica is a cultivated 
plant ; it has a hollow receptacle, so that its flowers are almost perigvnous. 
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Oi'Ao.r 2. Yvm.U'LvT.V.. Flowers nsnally zygnmorpliic with 
lateral symmetry : floral formula -» Ki, Cl + 2, A'l + 2, OB. 
Tie three whorls of the perianth alternate; one of the outer petals 
(rarely both) is furnished with a spur: the two inner stamens are 
not in their normal position; each of them is divided and the two 
halves are displaced towards tho outer stamens; hence thoio ap- 
pear to he three stamens on each side, a central one, with a perfect 
anther (the stamen of the outer whorl, Fig. 208 B a), and two 
lateral stamens, each with only half an anther (the halves of the 
stamens of the inner whorl ; Fig. 268 B a, o y ). The fruit is siliquose 
and many-seeded, or one-seeded and indehiscent. Plants without 
milky juice. Seeds containing endosperm. 


B 




Pig. 203. —.1 Flower of Dielytra spcctabilis ; one of t.he outer petals is removerl : $ pedicel; 
eatho outer, ci the inner petals; / stamens. B The three stamens of one side, seen from 
within : / filaments ; a the middle complete anther; a, a , the lateral half anthers. C Flower, 
bud, with the sepals, which soon fall off, still adhering (k) (nat. size). Diagram of Fumi- 
tory. 


Dielytra (Dicentra) spcctabilis is a favourite ornamental plant ; both the 
outer petals are spurred, the two inner petals are hollowed at their apices, so 
that they completely close the anthers. In Corydalis cava and noli da only one 
of the outer petals is spurred, the fruit is a two-valved capsule with numerous 
parietal seeds ; these species have a tuberous rootstock ; others, as C. lutra 
and aurea , have rhizomes. Fumaria officinalis and others (Fumitories) are 
common in fields ; the ovaries contain but few ovules, 
and of these only one ripens to a seed ; fruit globose, 
indehiscent. 

Order 3. Cruciferjc. Flowers nsnally ac- 
tinomorphic : floral formula K2 + 2, (7x4, 
A2 + 2 2 , G-. The four petals form a whor*, 
alternating with tho four sepals as if the 
Fio. 209 —Diagram of the latter formed one whorl ; there are, however, 
flower of Crucifeia. three perianth- whorls, as in the two preced- 
ing families ; but whereas in them only the outermost whorl ia 
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tlepaloid, in this family the two outer whorls are sepaloid, and tlio 
innermost, which alone is petaloid, is a whorl consisting of four 
instead of two members. The two on ter stamens are lateral, as 
in those families; the two inner ones, which in the Fnmariacene 
are divided, are here duplicate, having longer filaments (Fig. 270 
/> b b) than the outer ones (a) ; hence the flower is fetradijnnmou*. 
There are often minute glands at the base of the ovary (Fig. 270 
lid). Tlio overy consists of two carpels with the ovules in two 



Fia. 270. — Flowers, fruits, and embryos of vnrious Crucifers?. A Flower of Iirassica iiiat. 
size) : s pedicel ; k 1: calyx; c corolla. B The same after removal of the perianth (much 
mnp.): a a tho two outer short stamens; b the f->ur longer inner ones ; / the ovary; n the 
stigma. C Siliqua of Brussica : v dissepiment. D Angustiseptal silicula of Thlaspi. E Lati- 
septal Rilicula of Draba. 7)* and F.* Diagrammatic transverse section of the preceding: » 
dissepiment ; s seed. F Indehiscent silicula of Isatis. G Jointed siliquaof Uaphanus Raphani- 
strum : g stylo; l l l separate segments. K-ll Diagrams of differently-folded embryos, 
with transverse sections : r radicles ; c c cotyledons. 

longitudinal rows on the adnate margins of the carpels ; these two 
parietal placenta? are connected by a membranous growth which, 
as it is not formed of the margins of the carpels, must be regarded 
as a spurious dissepiment (Figs. 270 V* E* t 100 G tv). When 
the fruit opens, the pericarp splits into two valves corresponding 
to the carpels, leaving the placenta 5 attached to the dissepiment 
forming the replnm ; the seeds remain attached to them for some 
time (Fig. 160 C ). 

The flowers are in racemes in which the bracts are suppressed ; 
when tho lower pedicels are longer than the upper ones, the raceme 



The embryo is folded in the seed in various ways; the radicle 
may lie in the same plane as one of Hat cotyledons (Fig. ‘270 K), 
when t lie cotyledons are said to be / nnnnheut, XotnrhiziuK (the dia- 
gram being O II) * or f^ ie radicle may occupy the same position, the 
cotyledons being folded (Fig. 270 J ), when the cotyledons are said 
to be incumbent and folded , Orthojducra* (diagram of section Q 
or, thirdly, the radicle may be lateral to the two cotyledons (Fig. 
270 II), when the cotyledons are said to be uccnmhvut, Pleurorhizme 
(diagram Q =) : more rarely the cotyledons are spirally rolled so 
that in a transverse section they are cut through twice, Sjn'ruhibmv 
(diagram Q J| ||) ; or, finally, they may be doubly folded, and be seen 
four times in a section, JJijdocolobeui (diagram O II II II ID* The 
seeds contain much fatty oil. 

Sub-order 1. Siliquos.e. Fruit a siliqua, much longer than it is broad. 

Tribe 1. Arabidea ?. Q =. Cheirunthus Cheiri , the Wall-flower; Matthiola 
annua and incana , the Stock, are cultivated as garden plants. Nasturtium 
officinale is the Water-cress. Barbarea vulgaris is the Yellow Docket. Oarda- 
rniue and Dentaria also belong to this tribe. 

Tribe 2. Sisymhriea . O H* Sisymbrium officinale, the Hedge-Mustard, is 
common on rubbish heaps, and Erysimum on walls, etc. Hesperia is the Dame’s 
Violet. 

Tribe 3. Lrassicea. O^* The species and varieties of Brassica are much 
cultivated. Brassica oleracea is the Cabbage, with the following varieties; 
tu'tithala , Scotch kail, Cow-cabbage or Borecole; bullata , the Savoy cabbage 
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eapitata, the red and white Cabbage; gongylodes or caulorapa, with the stem 
swollen at the base, is the Kohl-rabi ; botrytis, with connate fleshy peduncles and 
abortive flowers, is the Cauliflower ; gemmifeia , with numerous lateral leaf-buds, 
known as Brussels Sprouts. Brassica rapa is the Turnip, with bright green 
bispid leaves and flat corymbs of flowers ; Brassica Napus , the Rape, has glabrous 
glaucous leavos and long racemes of flowers, and is cultivated for the sake of the 
oil contained in the seeds ; both these species have fleshy underground stems. 
From B. rapa are derived the varieties campestris , the Summer-Turnip, and 
oleifcra, the Winter-Turnip, as well as rapifera , with a fleshy root, the white 
Turnip. From B. Napus are derived the varieties annua , the Summer-Rape, and 
hiemalis , the Winter-Rape, which yield oil, and the variety Napubrassica, with 
an underground thickened stem, the Swedish Turnip. Brassica nigra and 
Sinapis (or B.) alba are the black and white Mustard. To this tribe belongs also 
the genus Diplotaxis. 

Sub-order 2. Silicui.os^e. Fruit a silicula. 

A. Latisepta. The dissepiment is in the longest diameter of the silicula. 
Tribe 4. Alyssinccc. O — • Cochlearia officinalis is the Scurvy-grass; C. 

Armoracia , the Horse-radish, has a thickened root. Alyssum calyciuum and 
Pruba verna , the Whitlow-grass (Fig. 270 E) y are oommon weeds. 

Tribe 5. CamcUnea. Q |j. To this tribe belong Camelina (Gold-of-pleasure) 
and Subularia, the Awl -wort, an aquatic plant. 

B. An gust inept a. The dissepiment is in the shortest diameter of the silicula. 
Tribe G. Lcpiainea. Q |j. Capsclla Bursa Pastoris , the Shepherd’s Purse, 

is common, as also various species of Senebiera and Lepidium (Cresses). 

Tribe 7. Thlaspidca. O ==• Various species of Thlaspi, the Penny Cress, 
are common. To this tribe belong also the British genera Iberis (Candy-tuft), 
Toesdalia, and Hutcliinsia. 

Sub-order 3. Nucumentace.e. Silicula indehiscent, few-seeded. 

Tribe S. Isatidra. Isntis tinctoria , the Woad, has compressed pendulous fruit? 
which are unilocular and one-seeded (Fig. 270 F) : 
it is used as a blue dye. 

Sub-order 4. Lomentaceje. Fruit a siliqua or 
silicula, constricted into one-seeded segments 
(amentaceous) (Fig. 270 C). 

Tribe 9. Cakilinra. Silicula two-jointed. 

This tribe contains the genera Cakile, the Sea- t 

Rocket, and Crambe, the Sea-Kale. 

Tribe 10. Baphanne. Silicula more or less 
moniliform. Baphanus sat tens is the Radish* 

II. Baphanistrum , the Wild Radish or White 
Charlock, is a common weed. 

Order 4. Capparide*. Flowers actino- 8vinosa lnat . 8ize): , po( iie©i ; k 
mornliic; formula 7v2 + 2, 0x4, A2 + 2 2 calyx; c corolla; a stamens; / 

. i ovary on ( t ) gynophore. 

or oc , or x : stamens only very 

rarely G and tetradynamons : ovary borne on a special prolongation 
of the axis (gynopliore) (Fig. 271 t). Fruit a siliqua or a berry. 




Order 0. Cistintt:. Flowers a »fino!norpl«:V. usually pcntnuwrous: 
the two external of the five sepals a re generally smaller, ami some- 
times they are absent : stamens numerous, probably in consequence 
of brandling; carpels 3 nr 5. forming a uni- or multiloeular ovary : 
ovules orthotropous : seed with endosperm. Trees or shrubs with 
generally opposite stipulate leaves. 

Cist'ts hubtni ferns, cretiem, and other species, grow in the south of Europe; 
a balsam is derived from them. He imtltemnni vulyare , the Kuck Hose, is an 
under shrub which grows wild on dry soils. 

Order 7. JhXACEJE. The seed of TH.ra oreVunn, a native of 
America, yields an orange-coloured dye known in commerce as 
Annatto. 

Order 8. Vior.Ann:.*:. Floral formula Ko, Co, A o, G® : flowers 
always borne laterally: ovules anatropous : fruit a loeulicidul 

capsule (Fig. 272 C) : seed 
with endosperm. The in- 
digenous species have zy- 
gomorphic flowers ; the 
anterior inferior petal is 
prolonged into a hollow 
spur (Fig. 272 Acs) in 
which the nectar secreted 
by the spur- like append- 
ages of the lower stamens 
collects (Fig. 272 A f s). 
The sepals are produced 
at the base (Fig. 272 A Is). 

Viola is the Violet, Pansy, or Heart's-easo ; many species, as V. odorata , the 
Sweet Violet, have only an underground stem which bears cataphyllary leaves, 
and which throws up petiolate foliage-leaves and bracteolate peduncles, each 
bearing a single flower: V. odorata has runners, but liirta and collina have 
□one. In others, as V. canina , the Dog-violet, the main stem is above ground 



Fig. 272. — Viola tricolor. A Longitudinal section of 
flower: v bractoolo of the peduncle; l sepals; Is ap- 
pendage’; c petals; cs spur of the lower petal; f* 
spur-shnped appendage of the lower stamens; a an- 
thers. (After Sachs.) B Ripe fruit: It calyx. C After 
dehiscence: p placentro; * heeds (mag.). 
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end bears the foliage-leaves. In V. mirahilu these two forms are so combined 
that in the spring flowers are developed from the rhizome which have large blue 
petals, but which are always sterile; it is not till later that inconspicuous 
(cleistogamous) flowers with minute petals appear on the leafy stem and these 
•>uly are fertile. In V. tricolor and its allies, the stipules are leafy and 
pinnatifld. 

Order 9. Sarraceniacej:. Flowers actinomorphic, hermaphrodite, 
with 15 or more stamens. 

The leaves of Sarracenia and Darlingtouia are adapted, by the peculiar develop- 
ment of their lamina?, for the capture of insects. 

Cohort 6. Ranales. Flowers generally acy'clic or liemicyclic; 
perianth consisting of calyx only, or of calyx and corolla ; stamens 
usually indefinite : gynoecium apocarpous, often reduced to a single 
monomerous ovary; very rarely polymerous and syncarpous. 
Seeds with or without endosperm. 

Order 1. Ranunculacej:. Perianth either consisting of a petaloid 
calyx, or of calyx and corolla, usually spiral : stamens numerous, 
occupying several turns of the spiral, or arranged in several alter- 
nating whorls, anthers bilocular, extrorse (introrse in Actsea and 
Pmonia) ; ovaries numerous, spirally arranged ; rarely one only 
(Actira). The ovules are disposed on the two margins of each 
carpel, that is, in two rows down the ventral suture ; in several 
genera the number of the ovules in each carpel is reduced to one, 
which then originates from either the upper or the lower end of the 
cavity of the ovary. Seeds with endosperm. They are almost all 
herbaceous plants, and are either annuals or they have perennial 
rhizomes ; they have no stipules, but they have amplexieaul leaves 
or petioles. 

Tribe 1. Clcmatidca . Totals transformed into stamens : sepals petaloid, 
with valvate aestivation : ovaries numerous, each containing a single suspended 
anatropous ovule. Climbing or creeping shrubs with opposite leaves. Fruit 
consists of a number of acheues. 

Clematis Vitalba , the Old Man’s Beard, is common in hedges; it has a 
greenish-white calyx, and fruits with long feathery styles: C. J' it icella, patens, 
•Hid others, are cultivated as decorative plants. Airagene alpina , occurring in 
tho Alps and iu Siberia, has its external stamens converted into petaloid stami- 
nodes. 

Tribe 2. Anemone cc. Petals transformed into stamens : sepals petaloid, with 
imbricate rostivation : ovaries usually numerous, each containing a single 
suspended ovulo : fruit consists of a number of achenes. 

Thalictrum; the species of this genus, as T. minus, jlavum, aud uquilegifolium, 
the Meadow-Rues, have stems well covered with leaver, and flowers with an 
inconspicuous, fugacious. calyx, and a flat receptacle. Anemone 
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h;\8 on hemispherical receptac!e (Fig 273 A I), And * petslold, Usually 5-9. 
leaved calvx. In most of the specie* the underground rhixotoe elongates 
iuto au erect scape which hears a single whorl of three leaves forming an epi. 
calyx beneath the terminal flower. In A. nemomi, ruuunntloitle*, ami others, 
those leaves resemble the foliage -leaves ami often hear flewere iu tlreir axils; 
but iu A. ruh'ttilhi, ami others, they differ from the foliage leaves iu that the* 
are pal mat i fid (Fig. 273 A /); in A. Uep«t*cit % in which the scapes spring from 
tlie axils of e:\taph\lbiry leaves, the three bractooles are simple and lie so clostlj 
under the petaloid calyx that at first they appear to he the calyx of the flower. 



Fin. 2. 1. — Flowers of n:imineu!noe:e ; * peduncle ; It cVrx : c cond-w ; a stamens ; / o\ »rv 
»' stigma (all of natural size or slightly magnified). A Of Anemone pulratilla, longitudinal 
section: bepicalyx; t receptacle. B (Zrnnpcinm of Ranunculus: r receptacle with ti e 
points of insertion of the stamens which hnve been removed, C Flower seen from l>ehv,v, 
77 Flower of llellehorm virulin. E Of A conit um Xapelhu : h bract en’e# ; k' hooded posterior 
sep il — tho lateral sepal on this side is removed. 

Tribe 3. Jlanuneulem. Perianth consisting of calyx and corolla: sepals im- 
bricate: fruit an achene, with a usually ascending ovule (suspended in Adonis 
and Myostirufl). 

Ranunculus; the calyx consists of five sepals and the corolla of flro pct iis 
which alternate with the sepals aud have a nectary at their base; the stamens 
■nd carpels are arranged spirally. 

The genus includes water-plants wiA finely-divided leaves and white flowers, 
It. aqitatili* , Water crowfoot ,fluit<nnt, etc. ; and land or bog plants usually 
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with a yellow corolla, as It* acer, the Buttercup, ripens, bulbotus, and scefcrafu * 
(all known as Crowfoot), and Fiammula (Leaser Spearwort) ; they are all more 
or less poisonous. It. Fiearia (the Lesser Celandine) has 3 sepals and usually 
9 petals. Myotnrus minimum (Mouse-tail) has a very long cylindrical receptacle ; 
the sepals are spurred, and the petals gradually pass into the stamens. Adonis, 
the Pheasant's Eye, has completely acyclio flowers ; sepals 5, petals 8 or more, 
not glandular at the base ; stamens and carpels indefinite, arranged in T * s order. 
A. autumnalU is the species which occurs in England. 

Tribe 4. Hellebore ce. Perianth generally consisting of calyx and corolla, the 
latter being occasionally suppressed ; the petals are glandular at the base , 
ovaries usually fewer in number than the leaves of the perianth ; ovules numer- 
ous, borne on the ventral suture ; fruit usually consists of several follicles. 

(a) With actinomorphic flowers : 

Helloborus, with acyclic flowers ; sepals in ] arrangement ; the petals, which 
are small and tubular, in | or T * 3 ; stamens in or ^ ; ovaries usually 3-5 
(Fig. 273 D). II. niger is the Christmas Rose ; H. viridis and foetidus are not 
rare. Nigella has 5 petaloid sepals and usually 8 (superposed if 5) small gland- 
ular petals. Trollius, the Globe-flower, has • 

5-15 petaloid sepals, and a similar number of 
small petals which, like the stamens, are 
arranged spirally : T. europaus occurs in sub- 
alpine regions. Caltha, the Marsh-Marigold, 
has five yellow petaloid sepals but no corolla : 

C. palustris is common in damp places. Eran- 
fcliis, the Winter Aconite, has small petals with 
long claws. Actrea has a petaloid calyx and an 
alternating (sometimes suppressed) corolla ; it 
has a single carpel which becomes a baccate 
fruit: A. spicata , the Baneberry or Herb 
Christopher, occurs in woods. Aquilegia, the 
Columbine, has a cyclic flower (Fig. 274) : it 
has five petaloid sepals, and petals with long spurs: A. vulgaris, at rata, Akiei, 
and others occur wild or are cultivated as decorative plants. 

(I>) With zygomorphic flowers : 

Delphinium, the Larkspur, has the posterior of the five petaloid sepals pro 
longed into a spur : there are typically 5-8 patals, of which only the two (or four) 
posterior are developed, their spurs projecting into that of the posterior sepal 
Z). Staphisagriu is poisonous; D. consolida has but one carpel ; I). Ajacis is a 
common garden plant, with 1-5 carpels. In Aconitum, the Wolfs-bane oi 
Monk’s-hood, the posterior of the 5 petaloid sepals is large and hooded ; the two 
posterior of the 8 petals have long claws and are covered by the posterior sepal, 
the others being inconspicuous (Fig. 273 Ec). 

Sub-order 4. Faaniea. The perianth consists of calyx aua corolla, and the 
petals are not glandular: ovaries witli numerous ovules, surrounded by a disc. 

In Pmonia, the Ffeony, the calyx consists of 5 sepals which gradually pass 
into the foliage- leaves ; the o or more jietals are larger: the stamens are spir- 
al 7 / arranged. P. officinalis, corallina, and others are cultivated as decorativt 
plants; P. Moutan has a woody stem and a tubular disc. Fruit consists cl 
several follicles. 



Fio. 271.— Diagram of 
Aquilegia. 
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Order 2. Maoxoliaceje. Porinnth cyclic, consisting usually of 
three alternating trimerous whorls, one of sepals and two of 
lieials: stamens and carpels numerous, arranged spirally: seed 
containing endosperm. Woody trees or shrubs. 

Tribe 1. Mapnvlit <t. Carpels very numerous on an elongated cylindrical 
receptacle: flowers invested by a spatlioii bract; stipules connate. Magnolia 
UnnuV flora and other secies, and Uriodnidron tulipi/era (the Tulip -tree) from 
North America, are ornamental trees. 

Tribe 2. Jlhciea. Carpels in a simple whorl on a flat receptacle (Fig. 158). 
IlliciuiH anisaUun, the Star Anise, as a native of China. 


Order 3. Calycaxtiiaci: t. Flowers acyclic, perigynous. 

Calycanthutjluridu* is an ornamental shrub with brown aromatic leaves. 

Order 4. Xymph.i.ack v. Fl -wers usually aevelic without any 
sharp demarcation between the petals and the stamens; pistil 
either apo- or gynearpous. Water-plants, general Iv with broad 
floating leaves. 


Tribe 1. Xinnphiconr. Carpels connate, farming a i*o!ymor*'UH uiultilocnlar 
ovary wliic-h may be t iihcr nipoiioi «*r inferior. Ovuh-s numerous, placuutation 
superficial : seeds numerous, containing U»th en -h^perm ami j*-rispenn. The 
rhizome grows at the bottom <*f the water ami throws fip br<»ad flat cordate 
leaves with long petioles which float on the surface. The flower also reaches 
the surface, borne on a l<ng peduinh . 

Symphaa albn, the white Water-Lily, has f. <ur given at pals, a great number 
of white petals width, t* -gather with the very numeiius stamens, arc arranged 
spirally, and a semi-inferior ovary. Xuphar iutsum, the yellow Water-Lily, has 
a calyx consisting of live gre*. iu»h -ydluw sepals ; the petals, which aie smaller 
and yellow, are u.-ually l;; in numh. r, and form a continuous spiral with the 
indefinite stamens; the o\ary is superior. I \ctoiia regia, a liraziJian species, 
has peltate leaves of inure than a yard in diamt ter. 

Tribe 2. Nelumbica . Ovaries numerous, distinct, imbedded in the fleshy 
receptacle : seeds solitary, without endosperm. 

Nelumbium speciosum is the Lotus of bgypt and Asia. 

m Tribe '6. Cabomhea, Flowers cyclic. Ovaries nu- 



merous, inonoincrous, each with from 2 to 3 ovules 
attaclied to the dorsal suture of the carpel. Seeds con- 
taining endosperm and peri sperm. The submerged 
leaves are much divided, the floating leaves peltate, 
America and the East Indit s. 

Order 5. Menisi»ekmacij^:. Flowers dioecious, 


Fig. 275 .— Diagram of C}~dic; the whorls are usually trimerous, and 


flower of many of the the calyx, corolla, and 
Wcnispermaoeai. J east two whorls each. 


androueium have at 
Carpels usually 3-0, 


distinct, onc-seeded, but many-seeded in the sub-family La rdi- 
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zalbece. They are tropical climbing plants with herbaceous stems 
and palmate leaves. 

Order 6 . Berberide.®. Flowers hermaphrodite, cyclic, the calyx, 
corolla, and andrcecium, each consisting of two di- or trimerous 
whorls. Ovary monomerous, with numerous marginal ovules. 
Fruit capsular or baccate. Seed with endosperm. 

Berberis vulgaris is the Barberry ; its floral formula is .0+3, C3 + 3, .43 + 3 
<xJ- ; the flowers are in pendent racemes, usually without terminal flowers ; when 
a terminal flower is present its formula is Kb | Cb | A 5. Fruit an oval berry. 
The leaves of the ordinary shoots are transformed into spines (Fig. 12), in the 
axils of which are dwarf-shoots bearing the foliage-leaves and the inflorescences. 
Epimedium has a dimerous flower ; calyx of 1-5 whorls ; petals spurred. 


T 
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Androecium 171,186 
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Annual plants 175 
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Annulus 153, 161, 167 

Anterior 198 

Anthela 214 

Anther 186 
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Anthocyanin 37 
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. . . 
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Circulation of protoplasm 


31 
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. . 17 

Claw 
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Cloistogamous flowers . . 
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Calcium 

. 73, 79 

Climbing-plants .... 
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,, carbonate . . . 

. . 36 
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47 
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74 

Callus ....... 
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14 
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Diagonal plane 198 

Diagram, lioral 196 

Dichasium 21, 202 

Dichogamy 201 

Dichotomy 20 

Diclinous flowers 175 

Didynainous stamens . . . . 188 

Differentiation of tissues ... 69 

Dimorphism 202 

Dioecious plants 175 

Disc 194 

Displacement 197 

Dissected leaves 12 

Distichous arrangement ... 5 

Diurnal and nocturnal positions. 96 

Divergence 4 

Dormant buds 16 

Double flowers 188 

Drupe 209 

Dry solid of plants 73 

Duramen 56 

Dwarf-males 119 

Dwarf- shoots 17 

Ectoplasm 31 

Elaters 117,167 

Electricity 102 

Elementary constituents of the 

food of plants 72 

Eleutheropetalous corolla . . . 185 

Eleutherosepalous calyx . . . 185 

Embryo . . 104, 170, 174, 215, 240 

Embryo-sac 173, 204 

Emergences 24 

Empirical floral diagram . . . 196 

Enantioblastic 228 

Endocarp 207 

Endodermis 58 

Endogenous members .... 2 

Endoplasm 31 

Endosperm .... 169, 170, 173 

Endospore 147 

Entomopliilous flowers . . . 200 

Epicalyx 186 

Epicarp 207 

Epicotyledonary portion of stem 174 

Epidermis 62 

Epigynous flower 192 

Epinasty 92 

Epipetalous stamens .... 188 

Epistrophe 101 

Erect ovule 194 

Erythrophyll 37 

Etiolated plants 91 

Eucyclic flowers 195 

Exogenous members .... 2 

Exospore 147 

External sheath 58 

Extine 171 

Extrorse anthers 189 

dichotomy . . . . 90 , 
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Fascicle 214 

Fasciclod leaves 17 

Fascicular cambium 52 
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Fertilisation 103, 20* 

Fibro-vascular bundles .... 45 

„ system .... 45 

Filament 186 

Floral diagram 196 

„ formula 197 

Flower 16, 171 

,, opening and closing of . 194 

„ symmetry of 194 

Fluorine 74 

Foliage-leaves 15 

Follicle 208 

Food of plants 72 

Form of leaves 8 

„ ,, stems 17 
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Fovea 170 

Free cell-forrnation 40 

Freezing, effects of 99 

Fruit 205 

Fundamental tissue .... 45, 57 

Funicle 172 

Gamopetalous 185 

Gamophyllous 185 

Gainosepalous 185 

Gases, movements of ... . 86 

Gemmas 148 

General conditions of pi ant-life . 98 

Generations, alternation of . . 104 

Genetic spiral 6 

Geotropisrn 92, 102 

Germination .... 174, 215, 240 

Glands 65 

Glandular hairs 64 

Globoids 33 

Glomerule 214 

Glume 224 

Gonidium 133 

Grand period of growth ... 90 

Granulose 34 

Grape-sugar 37 

Gravitation, action of . . . 91, 102 

Green colour of plants .... 33 

Growing point 68, 89 

Growth 88 

„ in length 89 

„ „ thickness of cell-wall 29 

,, „ ,, of stem and 
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Guard-cells of stomata ... 63 

Gum . . 77 

Gum-resin-ducts 62 

Gyncecium . . .... 171, 189 

Gynonhorfl . • 315 
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Gynostemium ....... 237 

Hairs 24, 64 

„ internal 43 

Hard bast 50 

Heart- wood 56 

Heat, action of 98 

„ production of 98 

,, radiation of 98 

Helicoid cyme 22, 213 

,, dichotomy 21 

Heliotropism 91 

Hemicyclic flowers 195 

Hermaphrodite flowers . . . . 175 

Heteracism 139 

Heteromerous lichen'tliallus . . 134 

Heterostylism 202 

Hilum 35, 172 

Homoiomerous licheu-thallus . 133 

Hybrid 204 

Hydrogen 73, 78 

Hymenium 130 

Hypha 121 

Hypocotyledonary portion of stem 174 

Hypoderma 57 

Hypogynous flowers . . . . 191 

Hyponasty 92 

Hypsophyllary leaves .... 16 

Ice, formation of 99 

Indusium 161, 166 

Inferior ovary 192 

Inflorescences 210 

Inorganic ash of plants ... 73 

Insertion of leaves 3 

Integuments 172 

Intercellular spaces 43 

Interfascicular cambium ... 52 

Internal receptacles for secretions 60 

Internodes 2, 84 

Intine 171 

Introrse anthers 189 

Intussusception 28 

Inulin 37, 75 

InvDluccd 213 

Involucre 150, 212 

Iodine 73, 79 

Iron 73, 78 

Irritability 95 

Isomerous whorls 195 

Knight’s Machine 92 

Lamina 9 

Lateral plane 198 

Latex 60 

Laticiferous cells 60 

„ vessels 60 

Leaf 2, 3, 8 

„ minute structure of . . . 59 

Leaf-traces 46 

Leaflet 12 

Legume 208 

Lenticels ........ 67 


Libriform fibres 

Light, action of 91, 100 

Li gni float ion of cell wall ... 30 

Ligule 10, 186, 224 

Limb 185 

Lociilicidal dehiscence .... 209 

Loculus 190 

Lodicule 223 

Lomentum ........ 208 

Lysigenous development ... CO 
Macrosporangium . . 157, 164, 169 

Macrospore 103, 161, 164 

Magnesium 73, 79 

Male flowers 175 

,, reproductive cells .... 103 

Median plane 198 

Medulla 47 

Medullary rays 47, 55 

„ sheath 53 

Members 1 

Mericarp . 206 

Meristem 44 

Mesocarp 207 

Mesophyll 10 

Metabolism 75 

Micropyle 172 

Microsporangium . . 156, 164, 169 

Microspore . 103, 157, 164, 169, 172 

Middle lamella 41 

Mid-rib 10 

Mineral matters in the cell- wall 3 i 
Monocarpous plants .... 175 

Monoecious plants 175 

Monomerous ovary 190 

Monopodial branch-system . . 21 

Monosymmetrical flowers . . 199 

Mother-cell 37 

Motile organs 96 

Movement of water in the plant 83 
,, „ gases „ ,, „ 86 

Mucilage, conversion of cell-wall 

into 80 

Multilocular ovary 191 

Mycelium 121 

Nectary 194 

Negative geotropism 92 

,, heliotropism .... 91 

Nitrogen 73, 78 

Node 3 

Nucellus of ovule 172 

Nucleoli 31 

Nucleus of cell 31 

Nut 208 

Nutation 93 

Ochrea 

Oils 72, 77 

Oogonium 103, 112, 127 

Oophoro 105 

Oosphere 103 

Oospore 103 



INDEX. 


327 


Opening and closing of flowers . 94 


Operculum 147 

Orthostichy 5 

Orthotropous ovule 172 

Ovary 172, 189 

Ovule 172 

Oxygen 73, 74, 81 

Pale» 212, 223 

Pallisade-parenchyma .... 59 

Panicle 214 

Pappus 278, 279 

Paraphyses 130, 145 

Parasites 75, 121 

Parastichy 7 

Paratonic action of light . .96, 101 

Parenchyma 44 

Parthenogenesis 104 

Pedicel 211 

Peduncle 184 

Peloric flowers 199 

Perianth 184 

Periblem 69 

Pericambium 51 

Pericarp 207 

PerichoBtium 145 

Periderm 65 

Peridium ........ 144 

Perigynium 145, 228 

Perigynous flower 192 

Periodic movements of organs . 96 

Periodicity of growth .... 89 

Perisperm 205 

Peristome 153 

Perithecium 130 

Permanent tissue 44 

Petal 184 

Petiole 9 

Phelloderm 66 

Phellogen ........ 65 

Phloem 47 

Phosphorescence 83 

Phosphorus ...... 73, 78 

Phototonus 101 

Phylloclade 19 

Phyllode 9 

Phyllome 1 

Phyllotaxis 8 

Pileus 143 

Pistil 189 

Pith 47 

Pitted vessels 30, 49 

Placenta 193 

Placentation 193 

Plane of symmetry 187 

Plasmodium 127 

Plastic substances 75 

Pleiomery . 196 

Plerome 69 

Pleurogynous stigma .... 193 
Plnmnlfl . . . 174 
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Podium 20 

Point of insertion 3 

Pollen, development of ... 88 

Pollen-grain 171 

Pollen-sac 171, 189 

Pollen-tube 104, 172, 189 

Pollination 200 

Poliinium 189 

Polyaxial plants 210 

Polycarpous plants 175 

Polygamous plants 175 

Polymerous ovary 190 

Polypetalous corolla .... 185 
Polyphyllous perianth .... 185 

Polysepalous calyx 185 

Poly symmetrical flowers . . . 199 

Pome 205 

Porous capsule 209 

Positive geotropism 92 

„ heliotropism .... 91 

Posterior 198 

Potassium 73, 78 

Prefoliation 14 

Prickle 24 

Primary cortex 57 

„ meristem 67 

„ root 174 

„ wood 48 

Primordial cell 27 

„ utricle 31 

Products of degradation ... 77 

Promycelium 137, 139 

Prophyllum 184, 198 

Prosenckyma 44 

Protandrous 201 

Proteid-grains 33 

Prothallium 155, 177 

Protogynous 201 

Protonema ........ 144 

Protoplasm 31 

Pseudaxis 20 

Pseudopodium 152 

Pulvinus 17 

Punctum vegetationis .... 68 

Pycnidium 130 

Pyxidium 209 

Baceme 211 

Bacemose branching .... 21 

,, inflorescence . • . 211 

Badicle 174 

Baphe 173 

Baphides 36 

Beceptacle 150, 161, 184 

Begular flowers 199 

Bejuvenescence of cells ... 40 

Beplum 208 

Beproduction 102 

Beserve-materials 76 

Besin-ducts . 62 

Besnirotion ....... 81 



328 


INDEX, 


PAG* 

Retardation of growth by light . 91 


Revolving nutation 93 

Rhizome 19 

Root-cap 23, G8 

Root-hairs 80 

Root-pressure 85 

Root, structure of 51 

Roots 1, 23 

Rostellum 203 

Rotation of protoplasm ... 31 

Samara 20G 

Saprophytes 75, 121 

Scalariform vessels .... 30, 48 

Scaly leaves 15 

Scape 211 

Schizocarp 206 

Schizogenous development . . 60 

Sclerenchyma 44, 59 

Sclerotium 132 

Scorpioid cyme 22, 214 

Scorpioid dichotomy .... 21 

Scutellum 216 

Secondary cortex 57 

,, wood 53 

Seed . 104, 170, 205 

Segmentation of apical cell . . 68 

Self-fertilisation 200 

Septicidal dehiscence .... 209 
Septifragal dehiscence .... 209 

Seta 147 

Sexual reproduction .... 103 

Sheath 9 

Shoot 2 

Sieve-tubes 42, 49 

Silicon 73, 79 

Silicula 208 

Siliqua 208 

Simultaneous whorls .... 2 

Soboles 17 

Soft bast 50 

Soredium 134 

Sorosis 206 

Sorus 160 

Spadix 211 

Spathe 211 

Spermatia 129 

Spermogonium 130 

Spike 211 

Spikelet 211 

Spine 14 

Spiral arrangement .... 6, 194 

„ vessels 30, 48 

Spontaneous movements ... 96 

Sporangium 125, 161 

Spore 103 

Sporidia ....... 137, 139 

Sporogonium ...... 105, 146 

Sporophore 105 

Spur 186 

Smirion**, fruit 205 
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Stamen ....... .171, 186 

Staminode 188 

Starch 34, 74 

Stem 16 

Sterigma 130 

Stigma . 192 

Stigmatic cells ...... 145 

Stipule 9 

Stolon 17 

Stomata 63 

Stratification of cell -wall ... 30 

Striation of cell-wall .... 30 

Stroma 131 

Style 192 

Stylospore 103, 130 

Successional whorls 2 

Succulent fruits 209 

Superior ovary 191 

Superposed members .... 195 

Suspensor 173 

Syconus 206 

Symmetry of flowers 194 

Sym podium 20 

Syncarpous gyncecium .... 189 

Synergid® . 205 

S.yngenesious anthers .... 188 

Tap-root 23 

Teleutospore 103, 138 

Temperature ....... 98 

Tendril 18, 93 

Testa 170,240 

Tetraspore 103, 121 

Thallome 1 

Thallus 1, 24 

Thorn 19 

Tissues, forms and systems of . 43 

Torsion 94 

Trache® 48 

Trachei'des 54 

Transpiration 84 

Trichogyne 134, 119, 120 

Triohome 1, 24 

Tuber 19 

TLillen 42 

Turgidity 88 

Twining of climbing-stems . . 93 

„ tendrils . . . . • 93 

Umbel 212 

Unilocular ovary 190 

Uredospores 103, 138 

Utriculus 228 

Vacuole 26 

Vegetative reproduction • • • 102 

Velum 143 

Venation 10 

Vernation 14 

Versatile anthers ..«••• 186 

Verticillester . , 214 
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Abele 253 

Abies 181 

Abietine© 180 

Acacia. 296 

Acantkace© 244, 268 

Acanthus 268 

Acer 300 

Acerine© 246, 300 

Achillea 282 

Achimenes 268 

Achlya 39 

Aconitum 319 

Acorus 220 

Acrocarpous mosses 154 

Acrogyn© 151 

Acrostichere 162 

Act©a 319 

Adiantum 162 

Adonis 319 

Adoxa 284 

iEcidium 139 

2Egopodium 286 

jEsculus 300 

iEtkalium 127 

iEthusa 286 

Agaricin© 143 

Agaricus 143 

Agathosma 305 

Agave 239 

Agrimonia 293 

Agrostemina 310 

Agrostide© 226 

Agrostis 226 

Aigeiros 253 

Ailanthus 305 

Aira 226 

Aizoace© 245, 288 

Ajuga 266 

Alckemilla 292 

Alder 251 

Aldrovanda 298 

Alg© Ill 

Alisma 229 

Alismace© 218, 229 
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Amanita 
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Amorpha .... 
Ampelide© .... 
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Amygdale© .... 
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Ananassa .... 
Anaptychia . . . 

Andre©a .... 
Andropogone© . . 

Anemone .... 
Anemone© .... 
Anethum .... 

Aneura 

Angelica 

Angelice© .... 
Angiocarpous Lichens 
Angiopteris .... 
Angiosperm© . . . 

Angustisept© . . . 

Annatto ..... 
Anthemis .... 
Anthoceros .... 
Anthocerote© . . . 

Anthoxantkum . • 

Anthriscus .... 
Antkyllis .... 
Antipria. . . . 
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Apera . . . 
Apium . . . 
Apocyne® . . 
Apple .... 
Apricot . . . 
Aquifoliace® . 
Aquilegia • . 
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Arachis . . . 

Arales . . • 

Araliace® . . 
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Arbutus . . . 
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Archidium . . 

Arctium . . . 

Arctostaphylos 
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Ardisia . . . 
Are® .... 
Arenaria . . 
Aristolochia . 
Aristolochie® . 
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Aroidere . . . 
Arrow-grass . 
Arrow-head. . 
Arrow- root . . 
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